






tmtimi 


n^moirs of th^ 
b^partm^nt of Agriculture 

in India 


CMEniCflL SERIES 


library. 


flQRICULTURnt RESERRCM INSTITUTE, PUSR 


Published for 

ME inPERinL bEPARTAENT OF RQRltULTURE IN INblR 


Government of India 
Publication Branch 


Calcutta 

Central 




The Council of the Pusa Agricultural Eesearch Institute : 1 

which is not, as a body, responsible for the opinions 
expressed in the Memoirs.. ^ 



SuiS 


CONTENTS 


Vol. IX 


No. 


No. 2. Waeth, F. J. Bangalore Maintenance Experiments, First series 


^ 0 . 


(witli four charts) 


3. Landee, P. E. ; and Panbit Lal Chand Dhaemani. Some 
Digestibility Trials on Indian Feeding Stuffs, II (with one plate 
and one chart) 


No. 


^o. 

y m. 


4. ViswA Nath, B. ; and Suetanabayana, M. The Effect of Manur- 
ing a crop on the Vegetative and Eeproductive Capacity of the 
Seed. (With a summary of the Results of certain Animal Nutri- 
tion Experiments carried out by Lueit.-Col. R. McCarrison) 
— with one plate and twelve text-figures 


5. Wabth, F. J. ; and Mjsea, Shaei Kant. Experiments on the 
Feeding of Sorghum Silage and Concentrate of Scindi Calves 
(with five charts) . . 




6. Annett, Haeold E. ; Padiianabha Aiyee, A. R. ; and Ram 
Naeayan Kayasth, Losses and Gains of Nitrogen in an 
Indian Soil studied in relation to the seasonal composition of 
Well waters, and the bearings of the results on the alleged 
Deterioration of Soil Fertility (with three charts) . . 


No. 

No. 


Page 


1. 03aAELTON, J. The Selection of Burma Beans (Phaseolus kmatus) 

for low Prussic Acid Content (with two charts) . . . . 1 


37 


63 


85 


125 


155 


236 


7. Lanbeb, P. E. : and Pandit Lal Chanb Dhaemani. Digestibility 

Trials on Indian Feeding Stuffs, III (with one chart) 

8. Sen, Ashutosh. The Determination of the Electrical Conductivity 

of the Aqueous Extract of Soil as a rapid means of detecting its 
probable fertility . . . . . . . . 247 






CONTENTS 


Page 


I. Inteoductoby 

11. Results OE Selection EOE Low HON Content . . . 

III. Discussion oe Results . . . . ... 

IV. Beeect oe Stoeagb on HON Content oe Burma Beans . 

V. Paussio Acm in other varieties of Phasbolus Lunatus 

VI. Influence of Son, on the HCN Content of PnASEOLtrs 
Lunatus . . . . . . . . . 

(а) Liming experiment at Padu . 

(б) Comparison of soils at MaMaing .... 

VII. State of Combination of HCN in Burma Beans 

VIII. Summary . . . . . . . . . 


1 

3 

11 

17 


23 

23 

25 

26 
36 



THE SELECTION OF BURMA BEANS (PHASEOLUS LUNATUS) 
FOR LOW PRUSSIC ACID CONTENT^ 


BY 

I. 

J. CHARLTON, M.So., F.I.C. 

Agricultural Chemist^ Burma, 

[ Received for j)ublication on 8th June 1926.] 

I, INTRODUCTORY. 

The methods of estimation of HCN utilized in this paper were briefly as 
follows;- — 

1. Auto-enzyme HCN} By this term is signified the amount of HCN which 

could be liberated at any given time by the enzymes present in the 
seeds of Burma beans by crushing these and leaving in contact with 
water in a closed flask for twenty-four hours at room temperature. 
After this time had elapsed the beans were steam distilled and the 
HCN absorbed in N.NaHCOa solution. 300 c.c. of distillate were 
collected. 

2. Glucosidal HCN,^ Thirty grams of Burma beans were extracted succes* 

sively with two lots of boiling water, each of 300 c.c., for one and-a- 
^ half hours for each lot. These extracts were then combined and eva- 

porated down to about 200 c.c. after which the extract was decom- 
posed with 100 c.c. of thirty per cent. H2SO4 and the HCN set free 
distilled off by steam at intervals during a period of six hours. The 
- distillate was collected in N.NaHCOg solution, 300 c.c. of distillate 

being collected. 

3. Total HCN,^ To a series of flasks each containing thirty grams of freshly 

crushed Burma beans, increasing weights of finely ground brewers’ 
malt were added. 300 c.c. tap water were then added to each, the 
flasks firmly stoppered and allowed to stand at room temperature for 
twenty-four hours after which the contents were steam distilled, 
300 c.c. of distillate being collected in 

1 Warth, F. J. Mem. Dep. Agri. India, Ghent, t 

2 Warth, F. J. Ibid, 

? C|iariton, J. Pusa, 140, 


N.NaHCOg solution. 
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It should be noted tliat the method for estimation of total HCN is described 
as total HON for couvenience only. It is siibsequentlv shown that no single method 
of estimation of HCN yields the whole of the HCN contained by the beans. 

To the distillates as collected above a quantity of N.NaOH solution equal in 
amount to the N.NaHCOg used for absorption was added, together with 16 c.c. of 
ten per cent* T’eS 04 solution and the HCN precipitated as prussian blue, the flasks 
being acidified after shaking at live minute intervals for two hours. 

The attempt to eliminate prussic agid from Burma beans was confined to six ^ 

strains which had been collected and grown by the previous Agricultural Chemist .• 

Burma, Mr. F. J. Warth. These strains were named Uloiiywa, B, G, J, K and M 
and comprised 131 separate plants of high yield which were almost ready for 
harvest when I arrived in Mandalay in January 1921. Selection work has been ^ 

confined to these strains. Owing to tlie <M>m]iaratively unfavourable conditions in 
Mandalay where the soil is unsuitable and the rains frequently unseasonable for this 
crop, mass scdectioii only could be attempted here. Forthisreasonaportionot 
sample K was grown at Tartk on on a fertile loam with better rainfall in 1921-22 
and the results of this selection compared with similar ones grown at Mandalay 
in the same year. Yields were greatly in favour of Tatkon as a breeding place 
and hence after the season 1921-22 all selection work w’-as transferred 'to Tatkon 
and the method of single plant selection adopted for all strains. 

Results of single plant selection were worked out on the statistical basis for 
sample 11 in 1921-22 and for the other strains in 1922-2-3. For all successive crops 
statistical results were worked out. Analytical data where available are given for 
fwevious years’ mass selection, but tliCvse results are to be regarded as of general 
ii3tterest only* ' ' 

Selections B and J disappeared, before 1924-25, partly because results from these 
strains were not so promising as the others and partly because they were more 
adversely affected by weather ormditions than other strains. ^ 

Statistical results were all based on a special method of estimation of prussic 
acid, as total HON by addition of brewers’ malt. Prior results were obtained 
by extraction of the cyanogeuetic glueoside with hot water followed by acid hydro- 
lysis, glucosidal HON was estimated. With newly harvested beans the former 
method gives higher results and is tJierefore to be preferred as a basis for 
selection work. Further, since it is only possible to obtain a prussian blue 
reaction from 0*0003 grm. HCN in a bulk of 400 c.c, of w'ater, when 30 grams of 
Burma beans were used for eBtimation a wilresult merely means that HCN present 
was less than O’OOlO grnu per cent. In 1922-23 when a very good crop was obtained, 
fifty grams of seed were used for analysis in the case of strain K and hence a 
nil result would have signified that less than 0*0006 grm. per cent, was present. 

No nil result has ever been obtained when using brewers’ malt to liberate HCN 
although several such cases occurred when extraction of the cyanogenetie glueo- 
siie by hot writer followed by acid hydrolysis was utilised to liberate HCN, Such 
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a nil result is therefore to be regarded as indicating that less than 0*0010 per cent. 

! glucosidal HCN was present since thirty grams of seed were used for these esti- 

mations and that the acid hydrolysis method is not capable of liberating the whole 
of the HCN in newly harvested Burma beans. 

It is to be expected that results of selection will depend to some extent on the 
method of estimation of HCN. The author is of opinion that the best method would 
be that giving the maximum amount of HCN since this represents the potential 
^ ^ danger of a variety. Of all methods tried, the one adopted, viz., addition of brewers’ 

malt to liberate HCN, gave highest results with newly harvested beans and hence 
was the best available method. The absolute maximum content of prussic acid 
: cannot be stated as this is a variable cjiiantity depending upon age of the sample 

^ ^ and also upon the method of storage.^ 

The proportion of brewers’ malt added to liberate the HCN was the smallest 
amount required to give maximum yield of HCN. The amount necessary was 
determined indiddually for each strain from a bulk sample collected separately 
from plants giving a yield of seed less than thirty grams. The seeds from such 
plants could not be subjected to separate analysis. 

Season 1923“24: was particularly unfavourable to the crop. Owing to unseason- 
able rains, sowing was delayed and yields suffered by continued growth into the hot 
weather. The figures obtained for standard deviation and eoejficieM of variability 
were therefore somewhat a-typical. The probable errors of the determinations 
were high and too much importance should not be attached to these results. The 
values for the means were, however, substantially correct, because it was possible 
to verify these from results of analysis of bulk samples from plants giving smaller 
’ yields of seed than thirty grams. Good checks w^ere obtained in all cases. 

II. EESULTS OF SELECTION POE LOW HCN CONTENT. 

1. Sample Monywa 7. The actual values obtained are given in Table I. 


Annmil Report of the Agricultural Chemist, Burma, for the year ending 30t]i Jitne 1923. 
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In season 1921-22 a mass selection yielded beans containing nil per cent. HCN, 
the HON being determined by hot water extraction of the glucoside followed by acid 
hydrolysis. From 1922-23 to 1924-25 the mean HCN content was as follows : — 
0-0041 per cent., 0’0062 per cent, and 0*0050 per cent. The arrows in the diagram 
indicate the course of selection pursued. From these it i s seen that — 

(«) A sample stored over the season 1 923-24, vk,, A 142/42, gave a lower mean 
HCN per cent, than the sample A142/84/14 which had been subjected 
to continuous selection year by year. 

(5) A bulk sample from the 1923-24 crop, A142/82, gave a lower mean HCN 
per cent, than the sample A142/82/14 which had been continuously 
selected without a break. 

2. Sample <?. The direct selection of this strain was not continued in 1924-25 
as the best individual plants from the 1923-24 crop left little seed and better strains 
were available. A bulk sample from the 1923-24 crop, A207/22, and a single plant 
selection from the 1922-23 crop were grown however, and the result of these selec- 
tions may be seen in Table II. 




SELECTION OF BURMA BEANS POE LOW EON CONTENT 


S." taacSLlow 01 atoios iiHlkate the umnl^r of inaividual riant, analyzed. 

<a)=niean per cent. HON. 

(b) s=stanclard deviation. 






jr. cjiAraiTDH 


7 


Tlie mean HON per cent, in 1924*25 samples, A207/10 and A207/22, were botli 
considerably lower tban the value obtained from sample 649/2-A207 in 1923-24. 


3. jBT. StatistiGal resmits for this sample are available for four 
years but are complete only in the two cases of 1924*25 samples Kl 13/28/26 and 
K159/84/15. Resnits are given in Table in 
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Table III. 
Sample K, 


1918-19 1919-20 1920-21 


0-0003 


0*0026 

(Mass) 


1921-22 



1922-23 


OSM-T*OOOoiF5f 
(b) « )0693-f 0*00001 3 
ic) i 



( 105 ) 


K354 

TotT 


4 K393 


(90) 


(а) 0*0023 ± 0*000037 — 

(б) 0-000311± 0*000026 
(e) 13*52 ±1-14 


(ti) 0*0021*0*000030 — 
(b) 0*000378*0*000021 
(e) 17*99*1*04 


(a) 0*0032 * 0*000049— > 
(M 0*000726 * 0*000034 ‘ 
(e) 22*69*1*11 


(a) 0*0027* 0*000041-^ 

(b) 0*000626* 0*000029 ' 
(e) 28*15*1*13 


ESSO (a) 0*0026*0*000046— *>1 

(6) 0*000650* 0*000032 

(95) (c) 25*01 *T16 


(а) 0-0024* 0*000080--> 

(б) 0*000432* 0*000021 * 
ic) 18*38*0*92 


(a) 0-0022* 0*000037— 

(b) 0*000518 * 0*000026 ’ 

(c) 23*53*1*26 


1923-24 


K102/7 (a) 0*0059*0*000203 

‘(6) 0*001205*0*000144 

(16) (c) 20*42*2*534 


r 


(SO) 

K1 09/50 (a) 0*0059 * 0*000164 

(6) 0*000420 ±0*0001 16 

(3) (c) 7*12 *.1*96 




El 13/28 («) 0*0062 ±0*0001 59— > 

(6) 0*000577 ±0-0001 12 ' 

(6) (c) 11*10*2*19 


Ki69/84 (a) 0*0066 * 0-000300— A 

(6) 0“001726± 0*000212 

(25) (e) 30*80*4*14 


E239/84 (a) 0*0059*0*000112 

(6) 0*000495* 0*000079 

(9) (c) 8*40* L84 




1924-25 


K102/25 
( 100 ) 
El 02/7 


f'(a) 0*0034*0*000039 
i (6) 0*000581*0*000028 
L(<0 17*09*0*84 

(а) 0-0036* 0*000040 

(б) 0*000526*0*000028 
(tf) 14*61*0*80 


{i 


(Bulk) 

, (SO) 

111.09/43 

7'^) ~ 

K109/50 

(Bulk) 

im 


K113/28/25 f(a) 0*0036 * 0*000058 
(6) 0*000439* 0*000041 

X(o) 12*21*1*16 


f(a) 0*0033 * 0*000047 
i (b) 0*000630 * 0-000033 
He) 19*10*1*05 

r(<x) 0*0042*0*000050 
i (b) 0*000711*0 000035 
lie) 16*92*0*85 


( 26 ) 

K113/22 






K354/5 (a) 0-0063* 0 000334 

(b) 0*001644* 0*000236 

( 11 ) iO 26*G9*4*00 


-A 


K393/84 (a) 0*0001*0*000291 

(5) 0*001363*0*000206 

(10) (c) 22*34*3*53 




(51) 

.K113/28 

' I'BulkT* 

(72) 

K159/84/15 
(7) 

El 59/82 
( 66 ) 

K1 59/84 

(Bulk) 

(97) 

K239/43 

K239/84 

(Bulk) 

(97) 

E354/28 

E364/64 

(Bulk) 

(93) 

K393/51 


r(a) 0*0031 ±0*000034 
K (b) 0*000359±0*00()024 
Uc) 11-59*0*78 

fia) 0*0039*0*000048 
i (b) 0-000604* 0*000034 
lie) 15*49*0*89 

f(a) 0-0033 *0*000068 
<ib) 0 000267* 0*000048 
1(c) 8*10*1*47 

((a) 0*U030 ±0-000072 
A {b) 0*000788* 0*0(HH>53 
lie) 26*26*1*80 


0039*0*000062 
000900* 0-000044 
07*1-18 


(a) 0*0034 ± 0-000056 

(b) 0*000690* 0*000040 
,(c). 20*31 *1-21 ' 

<«) 0*0042*0*000041 

(b) 0*000603* 0*000029 

(c) 14-35*0*71 


(a) 0-0032 * 0000047 

(b) 0*000584 * 0*000033 
,(c) 18*25*1.07 


f(a) 0*0039 * 0*000056 
■<(5) 0*000801*0*000040 
Uc) 20*51*1*06 


(91) 

K393/84 

(Bulk) 

99 




(a) 0*0031 *0*000027 
(d) 0-000380*0*000019 
.(c) 12-24* 0-62 


((a) 0*0041*0*000050 
K (b) 0*000825 * 0*000040 
C(c) 20-13*1*00 


Arrows indicate course of selection. 

Nimbers in brackets below the names of strains indicate the number of individual idauts analyzed, 
(a) = mean per cent. HON. * 

{ 6) “Standard deviation. 

(c)= coefficient of Variability, 
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The mean HON" per cent. in the case of samples K113/28/25 and K159/84/15from 
1921-22 until 1924-25 are as follows 

KllS/28/25 . , . . . . . . 0*0034, 0*0032, 0*0052, 0*0036. 

K159/84/15 • , , . . , . . 0*0034, 0*0027, 0*0056, 0*0033. 

Obviously, therefore, the effect of a bad season in 1923-24 lias rendered four years’ 
rigorous selection entirely ineffective since the mean per cent. HCN in 1924-25 is 
practically the same as in 1921-22. 

Although results for other strains within this sample K are incomplete they 
strongly support the sam e fact, viz., that all varieties in 1924-26 whether continuously 
selected from single plants, whether stored over the bad season 1923-24 or 
reselected from bulk samples from 1923-24 crop show no definite reduction of 
mean HON content in 1924-25 as compared with 1921-22. 

Further, sample El 13/22 which is a single plant selection stored in 1923-24 
gave a lower mean HCN per cent, in 1924-26 than K113/28/25 which was conti- 
nuously selected without a break. Similarly sample K159/82 w^hich was also a single 
plant selection stored in 1923-24 gave a lower mean HCN per cent, in 1924-25 than 
sample E169/84/15 which was continuously selected without a break. 

In the case of the other samples K102, K109, K239, K354 and K393 no single 
plant selections could be made from the 1923-24 crop. Bulk selections were made, 
however, and the best available individual plants from the 1922-23 crop were sown 
and harvested in 1924-25, Without exception, these show a marked improvement 
in mean HCN content compared with the 1923-24 crop, but none can be said to be 
substantially better than the original selection K in 1921-22. 

4. Sample M. The original beans from this selection contained 0*0003 per cent, 
glucosidal HCN in 1918-19. By 1922-23 when results were put on the statistical 
basis and individual plant analysis made, three sub-strains had resulted : — A270, 
A 278 and A297. The progress of selection work with these is shown in Table IV. 
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bontimious selection was only possible with, tlie first named and seed from the 
three best plants of 1923-24 were grown in 1924-25, viz., A270/37/15, A270/37/16 
and A270/37/26. Although each of these shows a reduction in mean HCN per 
cent, compared with the bad season 1923-24, all contain a much greater mean per 
cent. HON than in 1922-23. Sample A270/20, a single plant selection stored in 
1923-24, has given practically as low a mean HCN per cent, in 1924-25 as the best 
direct continuous selection A270/37/26 and lower than the two other continuously 
selected specimens* 

Again in the case of strains from A278 and A297, single plant selections A278/67 
andA297/56 compare favourably with the 1923-24 crop but unfavourably with the 
starting material of 1922-23. The same remarks apply to bulk samples from the 
1923-24 crop, vk., A278/61 and A297/i . 

III. DISCUSSION OF EESULTS. 

The average values of standard deviation and coefficient of variability are 
0’00073 and 18*5 per cent, respectively. These values are arrived at from the 
analysis of fi.fty-five different strains anS hence considerable value is attached to 
these figures. In certain cases where the numbe of individual plants of a given 
strain was very small, say twenty or less^, the values obtained differed considerably 
from the above. This is to be put down to the small number examined. In one 
case, however, Monywa A142, in 1922-23, a great divergence occurred and since 106 
separate plants were analyzed to obtain the values for standard deviation and 
coeflficient of variability, it is probable that this strain was not pure at that time. 
In this connection, it may be stated that the distribution curve is normal when a 
sufficient number of plants has been analyzed for HCN, e,g., sample K in 1921-22. 
This distribution curve is shown in Figure 1. 
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Reference fco analysis of sample K in Table III shows that yearly analyses are 
complete only in the case of K1 13/28/25 and K159/84/16. These in 1924-25 have a 
mean content of HCN of 0'0036 and 0‘0033 percent, respectively, whereas in 1921-22 
the parent sample contained only 0-0034 per cent. HCN. Since the coefficient of 
variability is approximately 20 per cent., in the case of sample K we should have 
the following with rigorous selection for low HCN content : — 

Per cent. HCN (mean). 

1921 - 22 . . 0*0034 

1922 - 23 . 0*0027 

1923 - 24 . 0*0022 

1924 - 25 . . . . . 0*0017 

Actually, the most favourable figures in the case of K169/84/15 are as follows 

Per cent. HCN (mean). 

1921- 22 . ... . 0-0034: 

1922- 23 . . . . 0-0027 

1923- 24 . . . . . 0-0036 

1924- 25 . 0-0033 

Hence environmental factors have entirely neutralized the effect of selection for low 
HOST content. 

During the unfavourable season 1923-24: certain of the previous years’ selections 
were stored under ideal conditions in the laboratory at Mandalay, i.e., these beans 
were not in any way subjected to the adverse conditions suffered by the 1923-24 
crop. It is well known that storage for one year does not adversely affect 'pebyugale 
(Burma beans), the germination capacity, yield, etc., remaining unaffected, 
provided that storage is carried out under good conditions. It is therefore 
to be expected that these stored seeds would compare favourably with strains 
subjected to continuous seiection. The values obtained have been extracted from 
Tables I-IV and are given in Table V. 

Table V. 

Memi per cent, content of prussic acid in 1924-25 crop. 


Strain 

Beans stored in 
1923-24 

Continuoasiy 
selected beans 

M . 

■ . . ' * 

I 

lii/1 

0*0038 

(а) 0*0045 

(б) 0*0041 
(c) 0*0037 

Moiiywa •■7, 



0*0043 

0*0050 


. -1 

K113 

0*0031 

0*003() 


1 

lvl59 

0*0030 

0-0033 



strain 


Monywa 7* A14:2/82 


i 4 SELBcriow OP buema beans Sob toW hon coifTENi 

In the case of strain M one of the three substrains in 1924-25 shows a 
of O-OOOl per’cent. HCN in favour of beans continuously selected. This substiai 
oSe plaat. only and tte ««nce of P” 

thereforeberegardedassignificant. 

HCN per cent-, in 1924-25 than beans continuously selected-. This may be g 

as strLg supporting evidence that environmental factors may neutralize the 

tion of for low HCN content _ ■ looq 94 and 1924-25 

So few individual plants were available for direct selection in 1923-24 and ^24 z 
that it nm^ be urged that the conclusion arrived at in the previous paragraph is 
Wid Sunjorting evidence was obtained, however, by bulking the plants gmng 
irthan Sy graL of seed from the 1923-24 crop, these beans being grown m 
1924-25 and 100 Individual high f Pff f ^ 

These Plants were not therefore selected in 1923-24 but were merely midtiphed in 
1924-25 i e., apart from environmental conditions these beans should 
Identical va ues for mean per cent. HCN, standard deviation and coefiicient o 

vtrirtiUty those of the parent samples of 1923-24. Actual values are set out 
in Table VI. 

Table VI. 

Mean per cent. HON showing temporary bad- effect of bad season on HON 

content. 


1923-24 


1924-25 

(BuUi) 


A270/37 

A278/81 


G. G49/2-A207 


K102/7 

KX09/50 

K1 13/28 

K169/84 

K239/84 

KmiSi 

K392/84 
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Without exception, the bulk samples of 1924-25 without any selection whatever 
show a very marked diminution in HCN content compared with the parent sample 
of 1923-24, The average values are 0*0068 per cent. HCN in 1923-24 and 0*0039 
per cent. HCN in 1924-25. These values are well out of the range of probable error, 
reduction in HCN content due to a good season in 1924-25 amounting to approx- 
imately fifty per cent. Hence seasonal influences profoundly affect the HCH content 
of pehyugale. 

The years 1922-23 and 1924-25 were both excellent for the growth of pebyugale. 
A large number of single plant selections were available from the 1922-23 crop 
and although the best of these were sown in 1923-24, others nearly as good were 
stored over 1923-24 and grown in 1924-25. It is to be expected that even under 
such conditions the 1924-25 crop would show a diminution in mean HCN content 
compared with 1922-23. That such was not the case is shown in Table VII. 


Table VII, 


Mean per cent, HCN. 


Increase or 
decrease 
per cent. 


K102 


•00001 


K239 
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probable error. Hence it follows that since rigorous selection in 1924-25 lias resulted 
not in a decrease but in an increase of HCN content as compared with 1922-23, 
the influence of environmental factors is mora important than selection for low 
HCN content in determining the percentage of HCN w^hich jMi/ugale may contain. 
This may be ascribed to the fact that although both 1922-23 and 1924-25 
Wrire good seasons f ir jpebyugale^ 1922-23 was much more favourable than 
1924-25. 

There remains the possibility that an insufScient number of plants for direct 
selection was available in 1923-24 and 1924-25. The numbers were as follows : — 


Number of individual -plants analy 


Strain 


Monywa 7 


The cliances of obtaining a plant with, less than mean amounts of HCN are one 
in two if tbe distribution curve is normal. Reference to Figure 1 shows that the 
distribution curve for a large number of plants is normal. Hence if only six or seven 
plants are available for individual analysis there is a fair probability that half this 
number will have less HON than mean amounts and even in such cases selection 
for low HON content should be progressive. 


OojffcLtJSiOisrs. 

1. Environmental factors profoundly influence the HCN content of Burma 
beans. 

2. Cinder ordinary field conditions the influence of environmental factors is more 
powerful in influencing the HCN content of Burma heans than is rigorous single 
plant selection. 

3. Rigorous single plant selection during four years has not reduced the HCN 
content of Burma beans. Since especially favourable conditions over four or five 
successive seasons cannot be expected, the removal of HCN from Burma heans 
by single plant selection is an impossibility. 
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IV. EFFECT OF STORAGE ON HON CONTENT OF BURMA BEANS. 

Part of the bulk sample K grown in 1921-22 was used for storage tests with a 
view to ascertaining the change in activity of hydrolytic enzymes of the beans 
under varying conditions with increasing age. At the commencement of the 
experiment, i.e.j early in April 1922, the maximum amount of HON which could 
be liberated by brewers’ malt was 0'0041 per cent. Part of the sample was stored 
in the laboratory at Mandalay in an air-tight bottle fitted with a rubber stopper. 
Another portion was stored in gunny bags in a godown at Tatkon, while on June 
30th, 1922, a portion of the sample stored in the air-tight glass bottle at Mandalay 
was transferred to another glass bottle and left open to the atmosphere. In 
August 1923 the sample stored in gunny bags at Tatkon was transferred to 
Mandalay. No attempt was made to artificially dry the air in any case. 

Thirty grams of crushed beans were used for analysis in each case. In the 
first place, glucoside HCN was extracted both by hot water and by ethyl alcohol. 
It was soon found, how^ever, that the hot water extraction w^as more efficient and 
after four separate trials at monthly intervals, alcohol extraction was discontinued, 
the hot water extraction method having given consistently higher results. That 
the hot water extraction method previously described extracts the whole of the 
glucoside was verified on three separate occasions, a third extraction of the 
beans with 300 c.c. of boiling water failing to yield any HCN. To find the 
maximum amount of HCN yielded by malt plus beans, varying amounts of malt 
from five grams upwards were added to thirty grams of beans. The results are 
given in Table VIII. 
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Effect of storage on Burma beans — 
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VIII. 

HGN content per cent. 
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Kesults of storage tests. 

Tests were carried out on individual samples as long as such, samples lasted. 

(1) StO'vagem Air-tigM bottle. 

(a) The total, glucosidal and auto-enzyme HCN rise gradually from the amount 
present at harvest to a maximum in September to November after which a very 
sharp fall occurs about January. The total and auto-enzyme HCN subsequently 
rise in amount. 

(b) In general over the period of one year the relative amounts of HCN are as 
follows total H0N> glucosidal HCN> auto-enzyme HCN. 

(2) Storage in open-bottle^ 

(а) More rapid synthesis of total, glucosidal and auto-enzyme HCN than in 
the case of beans stored in a closed bottle occurs. The maxima and minima occur 
at the same times as for the sample stored in the closed bottle. Whereas in the 
case of total and auto-enzyme HCN synthesis of HCN occurs in the second year of 
storage, the glucosidal HCN shows a tendency to disappear altogether. 

(б) During the first year of storage the relative amounts of HCN in various 
forms are as follows : — total HCN>* glucosidal HCN> auto-enzyme HCN. 
Temporarily in the month of January this relationship does not hold because 
destruction of total HCN is more rapid than destruction of gliicosickl HCN. 

(c) Synthesis of total and auto-enzyme HCN is definitely indicated after storage 
for a year. 

(3) Storage mgmtny bags. 

(а) The curves for total, glucosidal and auto-enzyme HCN closely follow those 
obtained for storage in the air-tight and closed bottles but the maxima are generally 
greater and the destruction of ' synthesised HCN more rapid. As in the cases of 
samples stored in bottles, HON in all forms during the first year is at a maximum 
in November and at a minimum in January. 

(б) In general during the first year of storage the following relationship holds 
good : — total HGN> glucosidal HCN> auto-enzyme HCN except for the fact 
that after J anuary 1923 the auto-enzyme HCN becomes definitely greater in amount 
than the glucosidal HCN. 

(c) For the further period of storage for two years the following relationship 
holds Total HCN> auto-enzyme HCN> glucosidal HON with the exception 
that in January 1924 the auto-enzyme becomes temporarily very slightly greater 
than total HCN. 

(d) During the second and third year of storage, synthesis of HCN occurs betw^een 
-the months of September and November followed by destruction of the HCN so 
formed in the month of January, 

The results of storage tests are shown graphically in Figure IL 
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Fig. 2, Results of storage tests of Burma beasts 
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General conclusions oonoeening- storace. 

1. Tlie amount of HON in Burma beans depends upon tbe age of the sample 
and on the method of storage. 

2. The activity of the hydrolytic enzymes in Burma beans likewise depends 
on the age of the beans and on the method of storage. 

3. Synthesis of total, glucosidal and auto-enzyme HCN occurs during the hot, 
wet season. The HON so synthesised is partially or completely destroyed during 
the subsequent cold weather. 

4. The glucosidal HCN reaches its maximum during the first year of storage 
after which it is very small in amount in good samples of beans such as the one used 
for storage tests. 

5. After storage for one year the total and auto-enzyme HCN become greater 
in amount than the glucosidal HCN and remain permanently so. 

6. In the sample of beans used for the storage experiments, the total HCN 
remains consistently greater in amount than the auto-enzyme HON except for a 
very brief period after storage for one year and ten months. This result 
is contrarj^ to those usually obtained and may be due to the fact that the 
sample was a specially selected one. In the majority of old samples of beans 
examined, the auto-enzyme HCN has been definitely greater in amount than the 
total HCN. 

7. The amount of HCN in Burma beans may vary during storage within extremely 
wide limits. It is therefore desirable that the age of the beans, method^ of storage 
and method by which HCN is liberated should be given when stating the percentage 
of HCN contained in any special sample. 

8. A sample which contains not more than 0*0040 per cent, total HCN at harvest 
is unlikely to contain more than about 0*0080 per cent. HCN in any form, no 
matter how stored for a period of three years, provided that ordinary care 
is taken. 


V. PEUSSIC ACID IN OTHEK VAEIETIES OF PHASEOLUS 

LUNATUS. 

Three recentlv harvested samples of PJiaseolus limatus, Linn., viz., Lima 
{Tiffin Bean), Peni a.nd Phnet, were examined by the usual methods to see 
whether the hydrolytic enzymes behaved similarly to those of ehjngale. 
The Lima beans had been grown in Egypt but the pmi and fhiet varieties 
had been grown at Mahlaing. The results of analysis are given in 
Table IX. 
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Table IX. 


Per cent. HGN in Phaseolm lunatus varieties at harvest. 



Lima 


P^net 

Glucosidal HCN 




0-0027 

0*0048 

0*0340 

Anto-enzvme HCN . 



• 0-0050 

0*0034 

0*0107 

Total HCN usins 5 

ma It/30 beans 

0*0057 

0*0039 

0*0160 

JS J> 

10 



0*0045 

0*0041 

0-0160 


20 



0*0053 

0*0045 

0*0160 


30 



0-0060 

0-0053 

0*0207 


40 



0*0055 

0*0063 

0*0274 

" ■' J ' ' ' 'J* 

50 



0*0064 

0*0063 

0*0213 


60 



0*0064 

0*0063 

0*0331 


70 





0*0360 


80 





0*0384 


90 





0*0397 


100 





0*0413 


110 



. . 

. . 

0*0413 

- 

120 

? J 

}j 



0*0413 

I 


The Lima anAfeni samples are therefore quite good heans since the HOX content 
is low. " On the other hand, the sample oifhnet is one of the worst samples of Phaseo- 
lus lunatus hitherto encountered and may he described as containing dangerous 
amount of HON. All "samples are lacking in hydrolytic enzymes, addition of 
brewers’ malt giving increased yields of HCN compared with yields obtained by 
other methods, although extremely large amounts of glucosidal HCN are present 
in the sample of fhiet. 

It may therefore be concluded that lack of hydrolytic enzymes in Phaseolus 
lunatus is a general phenomenon in the newly-harvested crop. Turther, 
if it be admitted that Burma beans are dangerous for human consump- 
tion, it is more than likely that every variety ot Phaseolus lunatus h equally 
dangerous. 

VI. INFLUENCE OF SOIL ON THE HCN CONTENT OF PHASEOLUS 

LUNATUS. . 

(a) Liming esfebiment at Padu. 

It has been suggested that the presence of large amounts of HCN in Phaseolus 
lunatus is due to richness of the soil in available nitrogen and that if the soil is poor 
in nitrogen thee ontent of HCN in the beans will be low. Accordingly a poor red 
sandy soil at Padu was chosen, this soil being so sour that azotobacter do not thrive. 
It was thought that such a soil might yield beans containing small amounts of HCN, 
while in the limed plots, where nitrification would be more active, greater contents 
of HCN in the beans might result. Very little of the soil was available for the 
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experiment with the result that only six one-twentieth acre plots could be laid down. 
Numbers one and six were left untreated and numbers two., three, four and five 
dressed with lime in various amounts. The hydrogenioii concentrations of the 
1-5 water extracts were done at planting and harvest, the results being set out in 
Table X, 

Table X, 

Effect oflming on Padti Bed soil 


Plot No. 

Lime applied at 
the rate of lb. per 
acre 

Ps at planting 

Ph' at, harvest 

1 

« 

. 

. 


, 

nil 

6*15 

7*05 

2 

• 

. 


• 

. 

10,000 

7-6 

7-55 

a 

V 

* 




5,000 

7*2 '■ 

7*55.' ' „ 

4 

♦ 




• 

1,250 

6’5 

■ 7*3 V' ■ 

5 


• 



• 

625 

■; 6-25 

7*15 

6 

* 

, • 


• 

- 

nil 

6*15 

6*9 


The results were obscured owing to the fact that noditles of calcium carbonate 
are present in the subsoil of Padu Bed and some of these are brought to the surface 
when ploughing. Hence the differences in of the various plots were extremely 
small at harvest. Further, it was desired to have blank plots between each limed 
plot, but this was not possible because of the small amount of red soil available at 
this farm. 

A sample of unselected bad bazaar beans was grown in all plots and bulk samples 
collected at harvest. Results are given in Table XI, 

Table XI. 

Effect of Liming on HCN content of pebyugale groim on Padu Bed soil 


PlotKo. 



1 

■ — . . .. ■ .-.1 

2 

3 

4 , 

5 

6 

Olucosidal HCN 

0-0325 

0*0354 

0*0336 

0*0418 

0-0447 

0-0418 

Anto-enzyme HON 

0*0176 

0*0174 

0-0174 

0*0174 

0-0174 

0-02C1 

Total HCN 

0*0273 

0*0261 

0*0232 

0*0232 

0-02(U 

0-0261 
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The fact that glucosidal HCN was greater than the total HCN in the above 
sample is a phenomenon of common occurrance with bad iinselected varieties at 
harvest. 

No definite conclusion can be drawn from the above figures. Application of such 
heavy dressings of lime as 10,000 lb. per acre has not affected the HCN content 
of the beans significantly. The change of Ph resulting from liming this soil is 
not sufficiently great for definite results to be obtained even if alteration of Pjj 
affects the HCN content of the beans. The rate of nitrification of the different 
plots would probably be substantially the same. . Unfortunately, no other sour 
soil suitable for the growth of Burma beans is conveniently situated near Mandalay 
and hence the work could not be repeated. The results are quoted not to show 
the effect of different rates of nitrification but to show that fairly heavy liming 
is without effect on the HCN content of Burma beans. 

(6) Comparison of soils at Mahl^ino. 

The samples oifeni and fmet already quoted were imselected varieties submitted 
by the Deputy Director of Agriculture, Myingyan Circle, in 1922-23. Whereas 
thej?e/?iwas a verygoodspecimen, the pcne/was one of the worst samples of Phaseolus 
lunatiis ever examined. To discover if the respective soils on which the two samples 
had been grown in 1922-23 were in any way responsible for the low content of HCN 
in the case oifeni and for the high content of HCN in the case of these plots 

were halved and the fini and fhiet in 1923-24 were grown on both soils. Kesults 
are given in Table XII. 

Ta:6le XII. 


E;ffect of soils on HON content per cent, ofphni and. penet. 


Season 

plot 

Pallet plot 

1922-23— 

Glucosidal HCN . 


. 

0*0048 

0-0340 


Auto-enzyme HCN 



0*0034 

0*0107 


Total HCN 


* 

0*0063 

0*0413 





1 ' * 

Pdni 

Penet 

P6ni 

Penet 

Olncosidai HCN . 

. 


0*0043 

0-0404 

0-0043 


0-0470 

Auto- enzyme HCN 


• 

0*0010 

0*0145 

0*0007 


0*0261 

Total HCN 

• 

• 

0*0113 j 

0-0261 

0-0083 


0*0261 
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Considering, in the first case, the effect of growing in different soils in the season 
1923-24, it is seen that bj growing jpeyii in the 'pmet soil, the auto-enzyme and to', al 
HON are both slightly reduced, while the glucosidal HON remains unaffected. On 
the whole, therefore, growing feni in the fenet soil has tended to reduce the HCN 
content of jpeni. On the other hand, in the case of penet, growing in the ]:^em plot 
was without effect except that the auto-enzyme HCN was considerably reduced. 
It would appear, therefore, that the fcnet soil tends to reduce the HCN content of 
peni and that the peni soil tends to reduce the HCN content of pend. 

Compared with the results for 1922-23, whether the peni or pmet was grown 
in either of the two soils is of little importance, the HCN in certain forms being 
very considerably increased in 1923-24. The variation according to season there- 
fore outweighs slight differences produced by soils. It is likely that the HCN 
content of the beans depends in some manner upon the growth period and this 
varies considerably from season to season, differences in prevailing temperature, 
rainfall, etc., being probably responsible. Further, in comparing differences pro- 
duced by soils upon HON content, it must be remembered that soils greatly different 
in physical texture cannot be compared as it is impossible to prepare greatly 
different soils so as to be ready for sowing and harvest at the same time. The life 
period of the crop is not the same in soils fundamentally different physically. 
The two soils compared above were not greatly different with the result that 
agricultural operations could be carried out simultaneously. It is concluded 
that the influence of such soils on the HCN content is negligibi ecompared 
with variations due to seasonal conditions. 

VII. STATE OF COMBINATION OF HCN IN BURMA BEANS. 

Dunstan and Henryk showed that the seeds o£ wild Phaseohis lunatus contain 
the glucoside phaseolunatin Cj^Hj^OgN which on hydrolysis with acids gave 
dextrose, acetone and HON. They stated that the seeds of the cultivated plants 
do not contain the glucoside. L. Guignard^ later show^ed that the seeds of culti- 
vated Phaseolus lunatus also contain HCN in minute amounts. Kohn-Abrest^ 
stated that more than one cyanogenetic glucoside was present. L. Rosenthaler^ 
stated that HCN occurs only in glucosidal combination in the seeds of Phaseolus 
lunatus. 

On many occasions the author had noticed that whereas large quantities of HCN 
could be driven off from crushed Burma beans by simply steaming, none could be 
driven off unless the beans were first crushed. Only bad bazaar samples yielded 
measurable quantities of HCN by the process of steaming and wdth such samples 

^ .Dunstan and Henrv, Proc. Roi/. Soc., 1903, 72, 285-294. 

^L. Guignard, Oomik Rend., 1906, 142, 545-553. 

® Kohu-Abrest, Com'pt Rend., 1906, 143, 182-184. 

Eosenthaler, Schweiz, Apoth. Zeit., 1919, 57. 571-576. 
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Totai. 


Cbushed beans 


Uncrushed beans 


No. 2 


No. 1 


Two lots of crusJied beans were distilled with steam, the first one slowly and the 
second one rapidly. A third lot of uncrushed beans was distilled as a check. 
The rapid and slow distillations gave approximately the same yield of free 
HON. 

It was considered possible that the fineness of grinding might influence the yield 
offreeHCN. To test this possibility a sample of crushed beans was separated into 
two fractions by sieves using the one millimeter sieve to effect a separation. 
Duplicate lets of each fraction were steam distilled with the result given in 
Table XIV. 


in certain cases a very large proportion of the total HCX present could be driven 
off. For the sake of brevity this HCN will be referred to as/ree HCN. Whether 
i this HON was in a different state of combination from the HCN not so evolved 

required investigation. 

The determination of such free HCN in one sample gave the results set out in 
TableXIII. 


Free HON ’percent, in Burma heans. 


First 100 e.c. dis^- ‘dlate 


0*0050 


Second 100 c.e. distillate 


Third 100 c.c. distillate 


Fourth 300 c.c. distillate 


Fifth 100 c.c. distillate 
Sixth 100 c.c. distillate 


Table XIII. 


0*0079 

niV’ 

nil 

nil 

nil 

■nil 

nil 

nil 

nil 

nil 

nil 

nil 


0-0010 


Seventh 100 c.c. distillate 


0*0023 
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Experiment No. 


<1 mm. 


>1 mm 


To check these results another large sample of bad bazaar beans was separated 
into three fractions, each of which was steam distilled and the free HCN estimated. 
The results are given in Table XV. 


Table XV. 


in Burma beans, 


Praction 


(a) First 300 C.C. distillate . 

(b) Second 300 c.c. distillate 

(c) Third 300 c.c. distillate 


3 mm. — .1 mm. 


(a) First 300 c.c. distillate 


(6) Second 300 O.C. distillate 
(c) Third 300 c.c. distillate 


1 mm. — No. 60 sieve 


(a) First 300 c.c. distillate 

(b) Second 300 c.c. distillate 

(c) Third 300 c.c. distillate 
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Whereas in the experiment recorded in Table XIV the smallest fraction gave 
the higher yield of free HCM, in that recorded in Table XV the smallest fraction 
gave the lowest yield of free HCN. The possibility that the interval between crush- 
ing and distilling influenced the yield of free HCN was next examined. For this 
purpose a large sample of beans was crushed and portions distilled at intervals, 
the free HCN evolved being recorded in Table XVI. 

Table 'XVI. 

"Free HCN per eent, in Burma beans. Influence of delay in distillation. 


Interval before distillation 


Immediate distillation . 


15 minutes 


30 minutes 


One hour 


Two hours 


f (a) First 300 c.c. distillate 
i, (b) Secojid 300 c.c. distillate 
r (a) First 300 c.c. distillate 
h (b) Second 300 c.c. distillate 
r (u) First 300 C.C, distillate, 
h (^) Second 300 c.c. distillate 
r (u) First 300 e.c. distillate 
\ (6) Second 300 c.c. distillate 
r (a) First 300 c.c. distillate 
(b) Second 300 c.c. distillate 


Free HCN per cent. 


0-0018 

0-0004 

0-0018 

0-0008 

0-0056 

0-0008 

0-0052 

0-0006 

0-0070 

0-0014 


0-0022 

0'0i26 

0*0064 

0-0058 

0-0084 


It therefore appeared likely that the liberation of free HON was due to the action 
of crushing, the enzymes then being able to attack the glucoside although the beans 
were comparatively dry. The possibility that the enzymes were able to attack the 
gl ucoside during the very brief period in which the steam was moistening and heating 
the flasks of beans was regarded as unlikely. Further, the interval was approx- 
imately the same in the experiments recorded in Tables XV and XVI and in addi- 
tion, a slow and rapid stream of steam gave approximately equal amounts of free 
HCN in the experiments recorded in Table XIII. Unless a portion of the glucosidal 
HCN is changed into a form not recoverable by the ordinary hot water extraction 
method, the amount of free HCN evolved on steaming plus the residual amount 
left in the steamed beans should be the same as that obtained directly by the ordi- 
nary hot water extraction method. Two separate samples of bad bazaar beans 
were therefore examined to test this possibility with results given in Table XVIL 
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Table XYII. 


Per cent. HON in Burma beans. 



.Sample A 

'.Sample"'B 


Crushed 

beans 

Uncruslied 

beans 

Crushed 

beans 

, Unerushed , 
beans ' 

Free HON— 

(a) First 300 c.o. distillate . . . : 

(i) Second 300 c.c. distillate . 

(c) Third 300 c.c. distillate 

O’OJoS 

ml 

nil 

nil 

nil 

nil 

0-000>0 
.nil 
\ ml 

* nil 

nil 
nil 

Residual glueosidal HON after renioyal of 
free HON. 

0-025I 


(’•0340 

•• 

Glucosidal HCN . . ... 

.. 

00413 


0-0400 

Total HON (Glucosidai.) 

0-0409 

0-0413 

0*0400 

' 0 0400 


In both samples A and the free HCls was therefore obtained from the ghico- 
sidal HCN and is normally recovered as ghicosidal HClSr in the usual hot water 
extraction method when the beans are not crashed. 

If only the gliicoside phaseolunatin is present in Burma beans, decoinposition 
of this glucoside should yield equimolecular amounts of acetone and HCN, and re- 
CJH GO OB 

lative weights of • — Experiments in which 

both OH3CO.CH3 and HCN were estimated as evolved in the free, gliicosidai, auto- 
enzyme and total HCN estimations were carried out. The distillate from each of 
these estimations was halved, the HCN being estimated aspriissian blue in one half 
and the remaining half made alkaline with NaOH and redistilled. In the latter 
half the CH3CO.CH3 was estimated as iodoform. Tests using HCN and CH3CO.GH. 
in equimolecular proportions gave excellent results so long as not less than 
O'OOBO per cent. HCN and corresponding aniouiits of acetone were obtained. If 
smaller amounts were obtained, the method could not be relied upon to give accu- 
rate results. The presence of ethyl alcohol in the estimation of auto-enzyme and 
total HCN was possible or even likely but in tlie method of estimation of acetone 
using ten cubic centimetres of fifteen per cent. KI solution and ten cubic centi' 
metres of ten per cent, KOH solution in a bulk of 400 c.c., together with twenty- 
five cubic centimetres of N/10 lodhie, the time of reaction being fifteen minutes 
it was found that the presence of ethyl alcohol in comDaratively large amount 
did not interfere with the estimation of acetone. 

The results of analysis are given in Table XVIII. 


CHABLTOl^ 


Table XVIIL 


HON and CH^ OO.OH\^ emlved f rom Murma beans. 



Per cent. HON 

Per cent. 
CH3CO.CH3 

Ratio 

OH 3 OOXIH 3 

■ HCN. 

1 . FreeHCJV . . ... 

0-0153 

0-0365 

2-39 

2. Residual C4liieoside from 1 . , . 

0*0128 

0-0212 

1 l- 6 fi 

3. Glucosidal HCK . . * . 

0-0287 

o- 062 r> 

2-22. . 

4. All to -enzyme HON . . . 

Residual glucosidal HCN . 

0-0284 

0-0013 

0-0749 

^ '2-61-' 

5. Total HCN using 30 gi*m. beans phis 10 grm. malt 
Residual glucosidal HCN , • ' • 

0-0313 

0-0027 

0*0690 

' 2-20 , . 

6 . Total HCN using 30 grm. boans 20 grm, malt 

Residual glucosidal HCN . . . .. 

0-0313 

0-0030 

0-0787 

2-51 

7. Total HON using 30 grm, beans phis 30 grm. malt 
Residual glucosidal HON . . . . 

0-0273 

0-0023 

0-0590 

2-16 

8, Total HCN using SO grm. beans 40 grm. malt 

Residual glucosidal HCN . . . 

0-0244 

0-0025 

0-0575 

2-k 

0. Toi al HON using 30 grm. beans plus 50 grm. malt 
Residual glucosidal HCN . • . . 

0-0244 

0-0027 

0-0633 

2-59 


Except in the case of nnmber 2 in which residual glucoside was estimated after 


removal of free HCN, the ratio 


CH3GO.CH 


- varied between 2*16 and 2*64. 


Considering that such small amounts of GBgCO.CHg and HCN are present, the agree- 
ment is reasonably good except in the case of number 2. Further, the weight of 
beans used for estimationin each case was sixty grams only so that the actual weights 
of CHgCO.CHg and HCN obtained were only thirty per cent, of the figures recorded 
in Table XVIII. It will be noted that the free HCN ipJus residual glucosidal HCN 
again very closely checked the HCN obtained as glucosidal HCN by hot water ex- 
traction of uncrushed beans. In Table XVIII in experiments 4, 5, 6, 7, 8 and 9, 
the beans remaining after distillation of HCN were again extracted with hot water 
and the HCN in the extract determined by acid hydrolysis. Further definite 
amounts of HCN were obtained in all cases showing that even the method of libera- 
tion of HCN with malt (total HCN) does not set free all the HCN in Burma beans. 


In these cases the ratio 


CHs CO. CH, 


was not determined as with such small amounts 


it was known that the determination was not trustworthy. 



SELECTION OF BURMA BEANS FOR LOW HON CONTENT 


It was therefore decided to repeat the experiment using bad bazaar s 
f and old beans, doing the experiments for auto-enzyme, glucosidal 
N in quadruplicate. The free HCN was not determined. The resu 
: are given in Tables XIX and XX, for new and old beans respectively 


Table XIX 


Relative amounts of HCN and CH^CO.OH^ in new bazaar sample of Burma beans. 


cif estiniatiun 


I. Auto -enzyme HON 


2. Qlucoaidal HCN 


3, Total HCN 

40 grm* malt 
lOO grm. beans 


4, Total HCN 

80 malt 
100 grm, beans 


6. Total HCN ' 

12 0 grni. malt 
"iOO grm, beans 


6. Total HCN 
160 grm. malt 
100 grm. beans 


7. Total HCN 
200 grm. malt 
iOO grm. beans 
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Rdative amounU of HON and GHfiO.GH^in new bazaar sample of Burma 

6mw5—contd. 






Hatio 

Mean Eatio 

Metitod of estimation 


Per cent. HCJS 

r Per cent. 

CHsCO.CHs 

CH 3 CO. OH 3 

CH 3 00 . OH 3 









HON 

■■ ...HCM'V. 


r 

0-0033 

0-0074 

2-24 


8 . Total HON 

1 

1 

0-0031 

0-0078 

2-51 

] 

240 grm. malt 

0-0036 

0-0074 

2-07 

y 2-24 

100 grm. beans 

1 

0-0035 

0-0075 

2-15 

t 

J 

9. TotalHCN 

320 grm. malt 

/■ 

1 

0-0035 

0-0036 

0-0036 

0-0081 

0-0088 

0-0085 

2*30 

2-44 

2-37 

> 2-2S*. 

100 grm, beans 

L 

0-0036 

0-0072 

2-00 

/ 

J 

10. Total HON 

r 

0-0038 

0-0099 

2-60 


400 grm. malt 

1 

0-0026 

0-0065 

2-49 

1 

100 grm. beans 

0-0033 

0-0077 

2-33 

y -2*45 


0-0038 

0-0087 

2-29 

1 

J 

11. Total HCN 

r 

1 

0-0042 ’ 

0-0102 

2-42 


480 grm. malt 

0-0036 

0-0092 

2-55 

] 

100 grm. beans 

1 

0-0034 

0-0068 

S 1-96 

y 2-35 


1 

0-0036 

0*0087 

2-41 

J : : ; 

12. Total HCN 

r 

j 

0-0036 

0-0082 

2*27 


560 grm. malt 


0-0036 

0-0081 

2-25 


100 grm. beans 

1 

0-0036 

0-0085 

2-36 

y 2-29 


0-0036 

0-0082 

2*28 

J 

13. Total HCN 

f 

0-0030 

0-0087 

2-42 


640 grm. malt 

1 

0-0036 

0-0083 

2*31 

1 

100 grm. beans 

1 

0-0040 

0-0088 

2*20 

y 2-31 

I. 

\)-0040 

0-0093 

2-32 

J 

14. Total HCN 

r 

0-0042 

0-0089 

2-13 

\ 

720 grm. malt 

i 

0-0040 

0-00S5 

2 -.ll 


100 grm. beans 

\ 

00040 

0-004U 

0-0088 

0-0093 

2-20 

2*33 

y 2-19 
j 

15. Total HON 

800 grm. malt 

f 

i 

0-0033 

0-0059 

0-0040 

0-0090 

0*0097 

0-0099 

2-73 

1-66 

2-46 

1 

y 2-28 

100 grm. beans 

1 

0-0043 

0*0099 

2-29 

1 













SELECTIO& OF BURMA BEAK'S FOR LOW HCK OOK'TEK’T 

Table XX. 

Relative amounts of HGN and PTT on r^zi ■ , , , 

— I^O.CHs in old bazaar sample oj Burma beans. 


Batio 

CH.CaCH 

HCK 


iVIethod oi estmiation 


•enzj me HCK 


3. Totai ffCN 
_4 0 grm. m alt 
100 grin, bealL< 


0-0(m7 

(H}im 

iHH)71 

0‘0074 


4. Total HOK 
80 grm, mal t 

loo gnu. Oeaiuj 


5. Total HON 
120 grm, malt 
lOU gnu. bviaii.':! 


O-OOSO 
0'00S9 
0*0093 
0*009 i 


• 0 . TotalHON 

1 60 grm, ma lt 
•tWgrm. beans 


0*008S 

0*0090 

0*0095 


0*0036 
0*0040 
0 0036 
0*0038 


.8. Total BCK 
240 grm. malt 
100 gnu, beans 

Total HCN 
^80 g?*m. malt 
100 grm. beans 


0O0S8 

0*0090 

00092 

0*0088 


10. Total HCN 
320 gnu, malt 
100 grm. beans 


0*0036 

0*0035 

0*093^! 


0*0090 

0*0088 
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It will be noted that in tlie case of new beans the ratio varies from 

HON 

1*97 to 3*01. If the results in which the per cent. HCN is 0*0030 or greater are con- 
sideredj the ratio is very much more constant, varying only from 2*19 to 2*59. It 
is believed that the extreme values of 1*97 and 3*01 are due to the very small amounts 
of HGN and CH3CO.CHg present in these particular cases. 

In the analysis of old bazaar beans quoted in Table XX the amounts of HCN 
were constantly greater than 0*0030 per cent, and in this series the ratio 
varies only between 2*08 and 2*69. 

In consideration of the fact that only small amounts of HCN andCH^CO.CHg 
are present, the agreement of the figures may be considered to be fair and as a result 
it is unlikely that any other glucoside besides phaseolunatin is present in Burma 
beans. If another glucoside is present, it probably contains equimolecular propor- 
tions of HOX and CH3GO. Oils or exists in very small amounts. 


VIII. SUMMARY, 

1. It is not possible to continuously reduce the HCN content? of Burma beans 
by single plant selection because of interference of environmental factors. 

2. The amount of HCN in Burma beans at any given time depends upon the age 
of the sample and upon the method of storage. 

3. The activity of the hydrolytic enzyme or enzymes of Burma beans likewise 
depends upon the age of the sample and upon the method of storage. 

4. Synthesis of HCN occurs in stored beans in the hot, humid season in Burma. 
The HCN so synthesised is destroyed either completely or partially during the sub- 
sequent cold season. 

5. The portion of the HCN which can be extracted by hot water (glucosidal 
HCN) reaches a maximum in the first year of storage and afterwards becomes very 
small in amount in good samples of beans. 

6. After storage for one year the total and auto-enzyme HCN become greater 
in amount than the glucosidal HCN and remain so during the second and third 
year of storage, i,e., the total duration of the storage tests. 

7. The actual variation in amount of HCN contained in Burma beans is consi- 
derable. The relative amounts obtained likewise vary considerably according 
to whether the methods described for estimation of glucosidal, auto-enzyme or total 
HCN are used for estimation. It is therefore advisable to state the age of the 
beans, method of storage and method by which HCN is liberated when stating 
what percentage of HCN is contained in any sample. 

8. No single method of estimation gives the actual total content of HCN . After 
the action of malt upon beans a further amount of HCN can be obtained by hot 
water extraction followed by acid hydrolysis. 
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9. A newly harvested sample of beans wMcli contains not more than 0-0040 
per cent. HCN as liberated by malt is unlikely to contain more than double this 
amount of HCN at any time within three years if reasonably carefully stored. 

10. Comparative inactivity of the hydrolytic enzymes or enzyme in Phaseolm 
h( 7 ia(us at harvest is common to other varieties besides Burma beans. 

11. Other varieties of Phaseolus lunatus are liable to contain as much HCN as 
Burma beans. 

12. Fairly heavy liming of the soil on which Burma beans are grown does not 
sensibly affect the HCN content of the beans. 

13. Small variations in soil do not significantly affect the HCN content of 
Burma beans. Seasonal variations considerably outweigh other causes of variation. 

14. The HCN which can be removed from freshly crushed Burma beans by 
steaming is in glucosidal combination. 

15. It is probable that all the HCN in Burma beans Ls present as one glucoside, 
phaseolunatin. 


MGIPO-M-.IV-2.32 -1 t.l2.2d— 600. 
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BANGALORE MAINTENANCE EXPERIMENTS, 


(FIEST SERIES) 


R J. WAETH, M.Sc., 

Physiological Chemist^ Imperial Department of Agriculture in India, 


(Received for publication on 3rd July 1926*) 


Object o£ the^Experiment. 

These experiments have been undertaken with the object of carrying out a sys** 
tematic study of the chief Indian roughages* We possess a certain amount of in- 
formation concerning our concentrates. We can assign fairly definite food values 
to very many of them. With the Indian roughages the situation is altogether diff- 
erent. We do not know the elementary facts regarding their digestibility, energy 
value or other characteristics. Farther, as the roughage forms the bulk of the ration, 
malnutrition and nutritional diseases almost invariably arise from deficiencies in 
the roughage. Work on the roughages is therefore urgently needed. It is not 
likely that the information required can be procured from a rapid sequence of diges- 
tion trials. Such experiments give very little extra information and that is liable 
to be misleading because the animals are not given time to settle down to the ration. 
To obtain reliable data time must be devoted to the test. A course of feeding has 
to be persisted in. 


Proceduire. 

Three well matched pairs of mature bullocks were selected for the experiment. 
One animal of each pair was fed on rice straw, the other on baled hay. The con- 
centrate ration was identical for each pair of animals. The live weights of the 
three pairs were approximately 1,000 lb., 750 lb, and 600 lb,, respectively. That 
is to say, the experiment was so designed that some observations regarding the 
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requirements in relation to body weight could also be made. The following 
statement shows the distribution of the animals for the experiment : — 



Approximate live 
weight in lb. 

Roughage fed 

Bullock No. 

1 




1,000 

Rice straw. ■ 

'2 . . 

• 


. . 

1,000 

Hay. 

3 

• 


. .. , . 

750 

Bice, straw.. 

4 



. . . . ■ ■ , 

750 

Hay, ■ 

5 

• 



500 

Rice straw. 

6 

* 

, 

... ... 

500 

Hay,' , 


The intention was to feed a maintenance ration for a long period and to study 
the effect of the food. ^ The experiment did not run very smoothly. The ration 
fixed after preliminary trials was found to produce a live weight increase which was 
too rapid to be suitable. The trial had to be stopped therefore. One animal, 
No. 6, developed nasal granuloma during this period. At the conclusion of the trial 
it was treated with tartar emetic injections and made fair recovery. The second 
test was carried out then with a smaller allowance of concentratej the food was 
much better adjusted and the live weight increases were less rapid. Owing to the 
illness of the animal referred to above, however, this second test was considerably 
delayed and therefore also could not be continued as long as it was wished. During 
the feeding tests the live weights were determined every day and the food con- 
sumption was controlled and accurately determined. Digestion experiments were 
carried out at three stages of the feeding. The results obtained will be considered 
under the following heads : — 

1. Digestion experiments with rice straw. 

2. Digestion experiments with hay. 

3. Estimation of the net energy values of the roughages, 

4. Physiological effects of the roughages. 

A Jiote on the method employed in coHecting the urine may be added liere. Tlie 
elaborate method devised by the writer at Pusa lias apparently beeji adapted \\ith 
modifier. tions elsewhere. It may help other workers to know that we ha ve abandoned 
the Pusa procedure at Bangalore and have adopted a very simple expedient wliicli 
is effective and extremely easy to carr}^ out. The bag and harness remain exactly 
as ill the old method, but instead of a long rubber tube we now use a tube one inch 
long. This is closed with a press clip. The attendant has merely to draw off the 
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urine from the bag at frequent intervals and the animal must not be allowed to sit 
down when there is urine in the bag. The work is done on an ordinary stall floor, 
the animal is absolutely free and we have not recorded more than one case in which 
urine was lost, . 


Experimental Results. 

Digestibility of fice straw. The results of the three digestion experiments are 
given in Table I. The figures for digestion of organic matter and total carbohy- 


Tabus I, 


Digestion coefficients of rice straw. 


Nitrogen 

free 

extract 


Bullock 

No. 


Bry 

matter 


Carbo- 

hydrates 


Organic 

matter 


Ether 

extract 


Protein 


AVEKAGlil 


drates are remarkably regular. There is very little difference betw^een the individuals, 
and the averages for the three periods are practically identical. The regularity 
of the figures is undoubtedly due to the fact that the annuals were thoroughly accus* 
torned to the food and ate regularly. The variations in the digestion of protein 


^flSR'ARy^ 
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and ether extract are not significant. They refer to very small quantities as will 
be seen below. An important point in this table is that the first test in which the 
protein given was very high yielded digestion figures which cannot be distinguished 
from the figures of the two succeeding tests in which the protein was very much 
lower. Halving the protein in the ration therefore has had no effect upon the diges- 
tibility of the roughage. This result is somewhat unexpected. 

Table II gives the average composition, average digestion coefficients, and the 
average amounts of nutrients digested from 100 lb. of dry substance. The last set 


Table 11. 

Gom/posiiion^ average {ligeslmi coeffidents, ami amounts digested from 100 lb, dry 

subsfanee for each experiment. 



! Pry 
matter 

Orgiinie 

matter 

1 ■ 

1 

; 

Protein 

' ' 

Ether 

extract 

FUre 

Nitrogen 

free 

extract 

Carbo- 
hydrate ti 

Conipasitioji — 

3st Test .... 

100*00 

s;.}*3 5 

2-07 i 

. 

I-IG 1 

35-17 

44-14 : 

79*31 

211(1 „ , .... 

100*00 

Sl*20 , 

2*75 ' 

•59 : 

20*l:i 

51-78 

77-91 

. r . . 

3 00*00 

82 91 

2*0;} i 

•S4 i 

:U*44 

47-73 

70*15 

AVERAdK . 

.1 00*00 , 

S2-I t 

2*79 

•80 

;}0*93 

47*88 

78*79 

Avera^{* dim - tion — 

Jst T(“sfc .... 


t{|*87 ' 

30*2;} 

44*31 

■ ] 

5S’;’}7 

02*79 

2hi1 ,, .... 

52*90 ! 


lO-OO 

;}S*i2 

74-75.'. 

55*92 

. 02-23 

.... 

54*7;.} 

00*67 

1.8 *2o , 

48-01 

'"08.-.21 

58*84 ! 

02*50 

AVi3IlA«E . 

5}'} *54 j 

C0*01 

11*17 

4;}-4l 

■ ■ 70-43 ■ '. 

57-71 

62-53 

Ainoiiuts digt'sfecd from KKJ lb. dry 

.’Jst' 'fest. , . . . 

5;* *55 

50 i;i 

•27 i 

•53 

24*0;l 

25*77 

49*80 

Slid „ .... 

52* ‘.>9 

48*09 

■28 

•22 

10*r>:I 

28*98 

48*48 

,trd ■ ,, . ■■■ . 

54*47 

50*;}) 

> *89 

' -40 

23*44 

28-07 

49-52 

AVERAOK . 

58*54 

49*97 

«;}3.‘i 

' •:}80 

21 *(57 

i "~27*00 

t- 


of figures is derived from nine separate tests which all gave concordant results. These 
figures must therefore be accepted as an accurate measure of the digestibility of 
our rice straw. 

Table III gives data from other sources for purposes of comparison. The Piisa 
figures shown here are published for the first time. They arc the average of a number 
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Table III. 


Cotnpanson oj Bangalore figures with other data. 



(!oin])o:3iliO!i- 


Bry Oraaiiie 

matter matter 



Kitrogen 
Ij'ibre free 



Average digestion coefficients- 


Bangaiorp 


Anioiiiits digested from lUO lb. dry 
substance — 


Bangalore 


of tests carried out by this Section when the work on animal nutrition was initiated 
there by the writer. There is very little difference between the Pusa and Bangalore 
results. They confirm one another and prove that a real and very considerable 
difference exists between Indian and American digestion data for rice straw. In 
Pusa and Bangalore 100 lb. dry straw pelded 48-8 and 49-9 lb. of digestible organic 
matter respectively. In America only 42' 1 lb. were obtained. Clearly our rice 
straw fed to Indian cattle mtrst possess a higher net energy value than that allowed 
for rice straw in America. There are two possible reasons for the higher digestion 
found at Bangalore. Either our animals have a better digestive capacity for such 
roughage o: the American straw is less digestible. Judging by chemical composi- 
tion there is no reason why the American straw should be less digestible. Indeed, 
its higher protein content might lead one to believe that it would be more easily 
digested. On the whole, it appears likely that our animals have a better digestive 
capacity for roughage. The same conclusion was reached in experiments described 
in two previous papers. 

2. Digestibility oj haled hay. The digestion coefficients obtained with baled 
hay are shown in Table IV. Here again the digestion attained by the three animals 
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Table IV. 

Digestion coefficients of huy. 


Nitrogen 

free 

extract 


CarbO' 

liydrate> 


Ether 

extract 


AVEKAGE 


Average 


AVERAGE 


in each tevst is fairly uniform. In the case of haled hay, however, the figures for 
the three periods do not agree at all closely. The material used during the first 
test was decidedly inferior in quality and it was less perfectly digested than the 
fodder used later. Table V gives the average composition and digestibility. The 


Table V. 

A-verage compositions average digestion coefficients, and amounts digested from. 100 lb, 

dry substance. 


Nitrogen 

free 

extract 


Carbo- 

hydrates 


Lry Organic 

iRatter matter 


Ether 

extract 


ompositioiv 
3 St Test 


Average 


Average digestion coefficients- 
1st Test 


Average 


Amounts digested from iOO Ib. dry 
sulBtance — 

1st Test , . . . 

2mi „ . . . . 

ard ,, . . . . 

AVERAGE , 


Bullock 

No. 

Bry 

matter 

Organic 

matter 

2 

44-50 

47-00 

4 

45-27 

47-77 

0 

47-00 

49-50 

1 .. 45-59 

48-09 

2 

52-94 

58-83 

4 

54-56 

59-40 

6 

50-74 

54-62 

52-75 

67-62 

2 

54-38 

57-21 

4 

52-32 

56-58 

6 

61-13 

53-59 
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last set of figures is derived from nine tests and though the separate data are not 
concordant the final result is probably a fair estimate of the average quality of this 
class of roughage. The composition of the hay used during the three tests is worth 
examining. There is only one striking difference between the 3 samples and it lies 
in the percentage of fibre. The fibre content of the first sample, the one which gave 
low digestion results, is high. In this case, when comparing similar material, it 
appears that digestibility is largely dependent upon a low fibre content, It need 
scarcely be said that a rule of this kind can only be applied with the very greatest 
caution for, after all, in every one of these samples the most digestible constituent 
is the fibre itself. Table VI contains data for purposes of comparison. With regard 


Table VI. 

Comparison of Bangalore figures with other data. 


\ ■■ 

Dry 

matter 

Organic 

matter 

Protein 

Ether 

extract 

Fibre 

Nitrogen 

free 

extract 

Carbo- 

hydrates 

Com position— 








Indian — 








Meeint 52 . . * 

100«00 

84-07 

1-79 

1-41 

29-79 

51-07 

80-86 

Arabala 478 

100-00 

86-26 

3-41 

1-78 

33-85 

47-22 

81-07 

BnndellJimncl C39 

100-00 

91-47 

1-4G 

1-36 

35-11 

53-23 

88-64 

Bangalore (ex) 

100-00 

89-91 

2-42 

1-20 

35-51 

51-41 

86-92 

American — 








Meadow Fescue . 

300-00 

02-07 

7-70 

2-20 

34-43. 

47-G8 

82-11 

Prairie Hay .... 

100-00 

01-77 

8-56 

2-78 

32*62 

47-81 

80-43 

Timothy early bloom . 

100-00 

■ 04-72 

7-23 . 

2-9S 

33*33 

5()-G9 

84-52 ■ ' 

Timothy late bloom 

100-00 

04-71 

6-46 

3-29 

33-25 

61-70 

84-00 

Average .... 

100-00 

93-32 

7-40 

2-83 

33-53 

49-47 


Average digestion coefficients — 








Bangalore .... 

50-32 

53-72 

1*88 

3912 

62-72 

50-42 

55*13 

Meadow Fescue . . . 


61 -26 

52-00 

54-00 

07-00 

59-00 

62-36 

Prairie Hay .... 


49-51 


42-00 

58-00 

53-00 

55-03 

Timothy (sarly bloom 


59-02 

,57-00 

48-00 

57-00 

G3-00 

60-59 

Timothy late bloom 

.. 

53-07 

43-00 

51-00 

46-00 

59-00 

53-01 

Amounts digested from ICO Ib. dry 
substance — 








Bangalore .... 

52-32 

48-24 

•047 

: 4G8 

21-97 

25-99 

47-89 

Meadow Fescue 


56-40 

! 4-000 

• 1-220 

23-07 

28-13 

51-20 

Prairie Hay .... 

'' 

. 45-43 

■ :■ •' 

1-170 

18-92 

25-34 

44-26 

Timothy early bloom 


56-70 

4-12 

1-43 

19-28 

31-03 

61-21 

Timothy late bloom 


50-26 

2-78 i 

1-68 

15-29 

30-51 

45*80 
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to chemical composition the average American hays are all much richer in protein, 
somewhat richer in ether extract and contain less ash than the Indian hays shown 
in the table. It is only fair to say that richer Indian hays exist, but the figures 
quoted here appear to be fair average samples (Pusa Bull. No. 70). The digesti- 
bility of the hay used at Bangalore is somewhat higher than American Prairie hay, 
but it is much inferior to the better class of American hays. The net energy value 
of our hay will therefore be lower than that of average American hays. It is worth 
recollecting at this point that our bullocks on rice straw attained a superior diges- 
tion to that found in America. This would indicate that our hay is somewhat poorer 
than the comparison with American figures shows it to be. 

3. Estimation of net energy values. During two periods, namely, from April 
5th to June 13th and from August 2nd to November 14th, the six animals were fed 
quantitatively. The food consumption was regulated as far as possible and accu- 
rately determined and live weights were taken daily. From these figures the weekly 
average live weight and the daily average food consumption for the week were found. 
The results of these records are shown in charts 1 — 4 bcdow. 
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CHART 4 

The circumstances connected with these tests have been noted already. Both 
experiments had to be cut short and in the first experiment the ration was not 
suitable. The data are therefore not altogether satisfactory, but they will be 
treated, nevertheless, as had been intended /when the experiment was initiated. 
From the charts and daily records the information in Table VII has been derived. 

Table VIL 

Data f elating to the quantitative feeiing tests. 



3,000 Ib. 
animals 

7601b. 

animiils 

500 lb. 

.-animals' 

Ko.l 

Straw 

Ko.2 

Hay 

Ko. 3 
Straw 

No. 4 
Hay* 

No. 5 . 
Straw' 

No. :& . ■ ■ 
'Hay3' 


^ Average live weight. 

lb. 

960-5 

910-5 • , 

734-0 

730 

555 

5-12 -5 

|j 

I Average daily live weight increase 

lb. 

•5 1 

■ *8 

•33 

*5 

•32 

—10 

a 

Daily concentrate consumption 

Ib. 

ns 1 

3-3 

2-75 

2-75 

2*20 

1 ' ' 

2-20 


roughage eonsuinxjtion 

lb. 

12-90 

12-SO ^ 

10-27 

10-48 

7-00 I 

744 


f Average live weight 

Ib. 

993 

944 

767 

749 

607 

535 

1. 

j Average daily live weight increase 

Ib. 

•31 

•31 

•24 

•19 

•20 

! .10 

■ ■■ a .j 

1 3)aily concentrate consumption 

lb. 

1-5S 

1-58 

1-32 

1-32 

MO 

l-lo 

{_ ’’ roughage eons«mi>tio>n 

lb. 

1445 

34-54 

13-57 

32-08 

9-28 

9-33 
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[ The average daily live weight increases were found from the slope of the 
smoothed live weight curves.] 

This table is a condensed summary of the two feeding tests. The actual 
nutritive effect of the rations consumed is shown by these figures. Cleaily also 
the figures contain definite information regarding the nutritive values of the two 
roughages, but the data as they stand are too seriouHy complicated by differences 
in live weight and differences in live weight increase to be of practical use. To re- 
duce the results to a working common basis, the following process has been employed. 
The net energy theoretically required to produce the observed nutritive effect 
has been calculated from Armsby’s feeding standard (using 6 Therms per 
1000 lb. as the maintenance requirement and 3 Therms as the requirement per lb. 
increase.) This figure gives the total net energy provided by the ration. The 
net energy provided by the concentrate is accurately known. Hence, by difference, 
the net energy of the roughage is found. During the first test the animals were 
regularly exercised, A rough correction for net energy spent on exercise has 
to be included in the first test. During the second test the exercise was reduced 
to a negligible quantity. The animals were kep^t in condition mainly by changes 
in position, being tied outside for part of the day. The calculations are shown in 
the accompanying table. 

Table VIII. 


Estmation of net energy values of rice straw and liay. 


Daily 

Straw eaters 

Hay eaters 

1,000 ib. 
animal 
Xo.l 

760 ib. 
animal 
Xo. 3 

5001b. 
animal 
No. 6 

1,000 lb. 
animal 
Xo.2 

750 lb. 
animal 
Xo. 4 

500 lb. 
animal 
Xo.C 

f Therms, Xet energy required for main- 







i 

tenance. 

5-80 

4-85 

4-CO 

5-60 

4-83 

3*96 

. i 

i ” Ket energy expended in ex- 








( excise. 

•24 

•18 

•12 

•24 

•18 

•12 

i 

1 Xet energy required for live 







j 

weight increase. 

1-50 

1 1-05 

: -99 

j 2-40 

1-00 

I' ■ 50 

G> 

hJ 

” Total net energy obtained 







] 

f/i 

from ration. 

7-54 

6-08 

5-11 

8-24 

6-01 

3-58 


” Xet energy of concentrate 

3-09 

2-57 ! 

2-06 

3-09 

2-57 

2-Og 


„ Xet energy from roughage . 

4-45 i 

3-51 

8-05 

5-15 

3-44 

1-52 


Lb. itoughage consumed . 

12-98 

10-27 

7-66 

12-80 

10-48 

7-44 

1 

L.Xet energy value of roughage per 100 lb. 

34-3 

34-4 

39-8 

40-2 

32-8 

20-0* 

r Therms. Xet energy required for main- 








1 tenance. 

6-00 

5-02 

4*26 

5-89 

4-92 

3-92 


j ’’ Xet energy required for live 
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1 weight increase. 

•93 

•72 

•66 

-93 

•60 

•SO 


1 ’’ Total iiet energy obtained from 















' ration. 

6*03 

5-74 

4-92 

6-73 

5-52 

4-22 

. rej ■ 
sa 

1 ” Xet energy of concentrate 

1-47 

1-22 

1-02 

1-47 

1-02 

1-02 


j ** Xet energy from rougliage 

5-46 

4-52 

3-90 

5-26 

4-30 

STO 


} Lb. Eoughage consumed. 

14-15 

11-57 

9-28 

14-54 

12*08 

^ 9-33 

energy value of roughage per 100 lb. 

37-7 

39-0 

42-0 

36-2 

35-8 

34-3t 


* This low fi^iiTe is doubtless duo to the fact, that the animal was suffering from nasal granuloma, 
t As the annuaffs state of health was prob.ab]y abnormal, this resnlt has been excluded in calcalaiiiig the net 
energy value of hay. 
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The net energy values found in this way are undoubtedly significant as relative 
values for our straw and hay respectively. They show that the two roughages 
are approximately equal, the rice straw probably possessing a slightly higher value. 
The absolute values found by such a process are liable to be affected by serious 
errors. Some of these sources of error are weU illustrated by comparing the two 
tests. Without claiming great reliability for the second test there is no doubt that 
it is more trustworthy than the first test. To begin with, the second test was carried 
out for a much longer period and hence the estimated gains during this test are more 
reliable. Secondly, the gains made during the second test were much smaller and 
therefore errors due to a wrong estimate for the net energy values of the gains are 
correspondingly reduced in the second test. Thirdly, the amount of concentrate 
fed was much lower in the second test. In this way a much larger proporoion of 
the total net energy was provided by the roughage and the percentage error was 
thereby very materially reduced. Fourthly, the doubtful correction for exercise 
has been avoided in the second test. For these reasons the first test will be left 
out of account altogether. As mentioned already it has only been included to make 
the record of the work complete. 

As far as the second test can be relied upon it shows that the net energy values 
of rice straw and hay are 40 Therms and 36 Therms per 100 lb. respectively (or 44 
Therms and 39*6 Therms per 100 lb. dry substance). It may be stated at once that 
these figures differ entirely from Armsby's values. For rice straw the Bangalore 
feed'ng test figure is 17 Therms higher, for hay it is 12 Therms lower than Armsby’s 
value. The largest item on which the Bangalore calculation is based is the net 
energy required for maintenance. For this purpose, Armsby’s average of 6 Therms 
per 1,000 lb. live weight was used. This requirement is not absolutely constant 
and may vary considerably in certain cases. ¥alues ranging from 5 to 7 Therms 
are quoted in the literature. It is important to note what effect such variations 
would have on the calculated net energy. In the next table the net energy of the 
roughages has been calculated exactly as above but making different allowances 
for the maintenance requirement. 


Table IX. 

Cahulaied net energy of roughages using different values for the maintenance 

requirement* 


net enerj^y for luaiiitonance 

Estimated net energy of ri ce 
■ straw ■ 

Estimated net energy of hay 

No.l 

■ ,Ko.3 , ; 

'■ No, 5 , , 

No, 2 

No. 4 

. No. 6 

5 Therms. 

1 

30-8 

31-8 

34-4 

. 29*5 

28-S 

27*3 

6 ” 

37‘7 

30*0 

'42*0' 

'36*2, 

35*8 

34*3 

7 ** 

54*9 

56*9 

60*6 

.53*0' 

52*6 

52*2 
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These figures make one point quite clear. It is certain that there were no marked 
differences in the maintenance requirements of our six bullocks. The figures of 
one line cannot be mixed up with any of the figures on another Hne. There is no 
such variation for maintenance requirement amongst these six bullocks as 5 to 6 
or 6 to 7 Therms. This is a very definite result which shows that the net energy 
values in one of the lines of the table above must roughly represent the actual net 
energy values of the two food stuffs. It has already been noted that the calcula- 
ted result for rice straw- based on 6 Therms for maintenance is much higher than 
Armsby’s result and it can only be reduced by assuming a lower maintenance re- 
quirement. It is seen now that an allowance of 5 Therms still leaves the value 
for rice straw too high, whilst it brings down the hay value to an incredibly low level. 
It has to be concluded therefore that a closer agreement cannot be attained by using 
any other than Armsby’s average maintenance allowance of 6 Therms. 

Light is thrown on these anomalous results by examining the digestibility figures 
in the first part of this paper. It will be seen there that rice straw in America has 
been found to yield 42 lb. of digestible organic matter from 100 lb. of dry substance, 
whilst at Bangalore 49-9 lb. were obtained as an average. That is to say, a higher 
digestion has been attained and a correspondingly higher net energy value has to 
be assigned to the Bangalore rice straw. A chart published by the writer a short 
time ago in the Agricultural Journal of India shows how the net energy value may 
be estimated roughly from the figure for digestible organic matter. The net energy 
value of Bangalore rice straw estimated in this way is found to be 40 Therms per 
100 lb. dry substance. The corresponding figure for Bangalore hay obtained from 
the graph is 39 Therms. In the ease of our Bangalore rice straw it is possible to 
calculate the net energy value by Armsby’s method. The result calculated in this 
way is 38 Therms. A similar calculation for our hay cannot be made. The results 
obtained by the different processes are tabulated here for comparison. 

Table X. 


Net energy valuer in therms per 100 lb. dry substance. 


„ , , —— 

Estimated 
by Armsby’s 
method 

Estimated from 
graph in Agricul- 
tural Journal of. 
India 

Estimated 
from the deeding 
experiments* 

Bangalore rice straw 

38 

40 

"'d : : 

Bangalore hay 

• ? 

39 





*Using 6 Theims for maintenanca 
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These figures corroborate one another and leave no doubt that the net energj^ 
value of our rice straw is higher than the figures given for American rice straw 
(namely 25 Therms per 100 lb. dry substance). It is equally certain that our hay is 
poorer than average American hay. It will be noticed that, in the case of rice straw, 
the feeding test gives a higher net energy value than the graphic method, whilst 
for hay the two sets of fi.gures are nearly the same. Now the graph represents the 
average relationship between digestibihty and net energy value, and the actual 
net energy value may be more or less than this amount. If the feeding test is to be 
of real use it must do more than the graph. It must show the direction in and ex- 
tent to which the actual net energy value deviates from this average. 

For reasons already given the feeding test results obtained above are not con- 
sidered sufficiently accurate to enable us to affirm that the true net energy value 
of our rice straw is really greater than the graphic figure. But the feeding test 
can be made more accurate by adjusting the ration to give smaller live weight in- 
creases, by prolonging the test to make the determination of live weight increments 
more accurate and by using more animals to eliminate the error due to variations 
in the metabolism of individuals. It is proposed to carry out further tests on these 
lines at Bangalore in conjunction with digestion experiments. One more point 
deserves notice. The agreement between the graphic and feeding results has 
another significance. It show's that the net energy requirements of our bullocks 
approximate very closely to Armsby’s average of 6 Therms per 1,000 Ib. live weight. 
This is an import ant result. 

The Nitrogen balance in relation to rate of groivth. Table XI shows the nitro- 
gen balances which were found during the three digestion experiments. 


Table XI. 

Nitrogen balance in relation to live weight increase, 



1,000 ib. 

■ animals ■ 

750 lb. 
animals 

500 1b. 
aniiMiiis 


Xo.l 

Xo. 2 

Xo. S 

Xo. 4 

No.' 5 K'o.6 

f Av«rag<j daily uitr^goiiljultuice in grm. .. 
t Average daily live weigiit increase in ll>. 

17*9 

1 5 "2 

7*2 

13*2 

U*0 

•50 

•70 

•33 

•50 

•50 -25 

f Daily nitrogen balance. 

15-7 

11-2 

OU ■ 

1 

5*S 

U-i 0-1 

1" ■ ■■■ "■ ■■ ■ ■ ■ ' . . 

] 


i)-7 

0*5 j 

0*8 

IbO 0-4 

j Average daily liitrugen baknee in gnu. , . . ! 

. 

12-1) 

■■ 1 

lO-a 

0*7 

6*3 

8-0 0-3 

1^ Average daily live weigbtincrca.se in lb. . . | 

1 

, . . ' *91 1 

•in 

•24 

•lU 

♦20 -10 


J. WARl’H 


51 


The first set of figures was determined during the period of high protein feeding 
and is referred to the average rate of live weight increase found during the first 
test. During the second test the nitrogen balance was determined twice. The 
average of these two results is referred to the daily live weight increase during the 
second period. The balance was positive in every case, but it cannot be said that 
there is any close parallelism between the nitrogen balance and the live weight 
increase. It has to be concluded therefore that with these bullocks the nitrogen 
balance determined from 6 to 8 days of continuous sampling is not an accurate 
index of the average live weight increase during the long period feeding test. 

4. The physiological ejffect of the ration. The striking physiological fact brought 
to light by this feeding test is that rice straw induces a marked and persistent 
diuresis. The following table shows the average daily urine, nitrogen and potash 
excretion during three periods of the experiment. 


Table XII. 

Average excretion of urim^ nitrogen and potash. 



1,000 lb. animals 

IlIBBSIflIlli 

500 Jb. animals 


No. 1 
straw 

No. 2 
Hay 

No. 3 
Straw 

No. 4 
Hay 

No. 5 
Straw 

No, 6 
Hay 

Average daily uriiic excretion in kilos. — 

1st test. Ai)ril 1925 .... 

7*871 

3*947 

7*797 

3*665 

6*290 

3*219 

2nd test. September 1925 . . , | 

6*830 

2*842 

5*877 

3*021 

. 4*968 

3*141 

3rd test. November 1925 

7*572 

3*329 

7*223 

3*338 

5*745 

2*563 

Average . . . 

7*091 

3*373 

6*966 

3*341 ' 

5*671 

2*074 

Average daily nitrogen excretion in urine in 
grm.— 

1st test. April 1925 .... 

90*58 

91*74 

81*82 

75*20 

' 

63*00 

50*48 

2nd test. September 1025 

37*36 

35*83 

37*83 

35*25 

27*83 : 

26*34 

3rd test. November 1925 

38*45 

36*93 

37*86 

82*09 

26*14 

22*77 

Average daily potash excreted in urine in 
grm.— 

isttest. April 1925 .... 

92*50 

33*14 

83*77 

27*11 

61*43 

'.20h4:,: 

2nd test. September 1925 

100*30 

: 31*50 

' 92*20 

26*30 

07*13 

21*53 

3rd test. November 1925 . . 

130*58 

33*50 

119*53 

31*27 

90*07 

22*21 

Average .... 

107*79 

32*71 

98*50 

28*23 

72*88 

21-29 


In every case the rice straw animals excreted much more urine than the corres- 
ponding hay fed animals. It will be observed too that the amount of urine excreted 
is practically independent of the nitrogen excretion. The high nitrogen excretion 
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during the first test is due to the large proportion of protein in the ration at that 
time. Less protein was given and hence less nitrogen was excreted during the 
second and third tests. The figures show that a reduction of the urinary nitro- 
gen to less than half its initial amount caused no apprecialble change in the volume 
of urine excreted. The straw fed animals always urinated more profusely. The 
third series of figures giving the daily potash excreted in the urine shows that the 
diuresis is intimately related to potash excretion. 

Table XIII gives the concentration of potash and total nitrogen in the urine. 

Table XIII. 

Concentration oj potash and nitrogen excreted in urine. 



Concentration of potash in grm. per Kilo 
wine,— 


Concentration of nitrogen in grm. per Kilo 
urine, — 


1,000 lb. animals 

750 lb. animals 

500 lb. animals 

Sfcraw 

1 ' 

Hay 

Straw 

Hay 

Straw 

Hay' 

' 

1 11-80 

8-40 

10-74 

7-40 

9-75 i 

6*26 

14-68 

11-08 

15-69 

8-71 

13-51 

6*86, 

.17-25 J 

10-06 

16-54 

9-37 

. .15*68 

8*67 ' 

12-83 

23-24 

10-50 

20-52 

10*00 

17-24' 

5-47 

12-61 

6-44 

11-67 

i 

5-60 

r ,8*39 

5-08 

11-09 

5-24 

1 9-61 

4-55 

8-88 


These figures show once more that the nitrogen concentration may vary 
between 12 and 5 or between 23 and 11 grm. per litre. That is to say, within 
these limits the volume of urine is unaffected hy the amount of nitrogen excreted. 
Potash, on the other hand, clearly must be eliminated in moderately dilute solu- 
tion. The figures, however, indicate another interesting point, namely, that the 
straw eating animals gradually developed a tolerance for potash and were able to 
eliminate it in steadily increasing concentration as the feeding test progressed. 

For the source of this excreted potash we have to examine the foodstuffs. The 
potash content of the food fed during the digestion experiments is given in the accom- 
panying table. 
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Table XIV. 


Potash in gm. per 100 grm. dry substance. 


' " ' 









1st test 

1 2nd test 

3rd test 

Groundnut cake . 

. 

. 

. 



• 

• 

. 

1-499 

j 1-446 

1-398 

Rice straw 

• 


. 



• 

• 


1-689 

1-665 

2-280 

Hay 

• 

• 

• 



• 

• 


•590 

•524 

-629 


From tliese figures the daily amount of potash ingested has been calculated. 
The figures are given in the next table. 

Table XV. 


Total potash ingested with Jood in grams per day. 





1st test 

2nd test 

3rd test 

Xo. of animal 


Food 

Dry 

Potash 

Dry 

Potash 

Ury 

Potash 




matter 

Jn dry 

matter 

in dry 

matter 

in dry 




consumed 

matter 

consumed 

matter 

consumed 

matter 




grams 

grains 

grams 

grams 

grams 

grams 

Straw eaters— 

r 

Roughage 

5179-5 

87-49 

5854-0 

97-47 

5665-3 

129-15 

Xo. 1 



• 






i, 

Concentrate . 

1380-0 

20-68 

665-3 

9-62 

666-7 

9-32 



Total 

6559-5 

108-17 

6519-3 

107-09 

6332-0 

138-47 


r 

t 

Rougiiage 

4ie8-8 

70*41 

4573-0 

76-14 

4829-3 

110*10 

Xo. 3 , 








Concentrate . 

1112-8 

16-67 

554-4 

8-02 

555-6 

• 7-77 



Total . 

5281-1 

87-14 

5127-4 

84-16 

5384-9 

117-87 


r 

Roughage 

3075-8 

49-61 

3599-0 

58-92 

3616-0 

S5-98 

No. 5 









\ 

Concentrate . 

920-1 

13-79 

462-0 

6-67 

462-0 

6-47 



Total , 

! 3995-9 

63-40 

4061-0 

65-59 

4078-0 

92-45 

Hay eaters — 




- 





r 

Roughage 

5106-0 

30-13 

. 5839-0 

30-60 

5952-9 

37-44 

No. 2 , 









\ 

j Concentrate . 

1380-0 

20-68 

665-3 

9-62 

666-7 

9-32 



Total . 

6486-0 

50-81 

6504-3 

40-22 

6619-6 

46-76 ' ■ 


f 

Roughage 

4240-8 

25-02 

4809-0 

25-20 

4940-1 

31-07 

'No. 4 .. . 

< 








1 

Concentrate . 

1143-C 

17-27 

554-4 

8-02 

555-6 

7-77 



Total . 

5383-9 

42-29 

5363-4 

33-22 

5495-7 

38-84 


r 

Roughage 

2980-7 

17-59 

3616-0 

18-95 

3775-4 

"'23*75-: 

No. 6 . 









1 

Concentrate 

907-0 

13-60 

462-0 

0-67 

463-0 

6-47 



Total . 

00 

31-19 

4078-0 

25-62 

4238-4 

80-22 
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We are iiow m a position to compare tlie potasli ingcstfed Witli potasli excreted 
intlie urine. This comparison is made in Table XVI. 


Table XVI 


Comparison of potash ingested and potash excreted in urine, 


Hay eaters 


Animal 

Xo. 


Animal 

Xo. 


Potash 

consumed 

grams 


Potash 
in mine 
grams 


Vcimiie 
of urine 
Litre 


This table shows that when the amount of potash ingested is high, as in the 
case of the straw eaters, almost all of it is excreted in the urine. When the amount 
ingested is low, a high proportion of it is still excreted in the urine but an appre- 
ciable fraction remains to be excreted in the fseces. It may be noted here, too, 
that while the amount of urine is mainly dependent upon the potash, there is another 
subsidiary factor at work. Its nature has not been established yet. 

Subsidiary tests. To obtain further information on the subject of diuresis two 
subsidiary experiments were carried out on the termination of the main feeding ex- 
periment, In the first of these experiments potash was administered to the hay 
animals per os to bring their potash excretion up to that of the straws eaters. The 
drench (a mixture of potassium carbonate and acetate) was given in small amounts 
four times a day to distribute the effect as much as possible. The results of this 
experiment are given in Tables XYIfa and XVII6. 


straw eaters 

Potash 

coammeci 

grams 

Potash 
in urine 
j^rams 

Volume 
of urine 
Litre 

108-2 

92-5 

7-87 

107-1 

100-3 

0-83 

188-5 

130-6 

"'7-57 

87-1 

83-8 

7-80 

84-2 

^ 02-2 ■ 

5-88 

117-9 

119-5 

'7-22 

63-4 

61-4 

6-30 

00*0 

92-5 

0 i rl 

90-3 

5-75 


f’. WAfetit 


6S 


Table XVlIa. 


Excretion oj urine, nitrogen and •potash before and after admmstration of potash 

salts. 


! 

1 1,000 lb. 

ANIMALS 

750 lb. ANIMALS 

j 500 lb. ANIMALS 


Straw 

Hay 

Straw 

Hay 

Straw 

';May' 

t Average daily urine excretion 11th Kilos. 

November 1925 to liJth Koveniber 1925. 

7-572 

3-329 

■ 7.223 

3-338 

5-745 

2-563 

Fotasli administered daily £rom 14th Grm. 

1 November 1925 to 17th November 

i V 1925. 

■ j 

63-34 

.. 

52-78 

•• 

42-23.#' 

Average daily urine excretion 16th Kilos. 
November 1925 to 17th November 1925. 

8-075 

6-197 

6-909 

4-071 

6-939 

4-249 

Average daily nitrogen excretion in urine — 







lith November 1925 to ISth November Grm. 
1925. 

38-45 

36-93 

37-86 

32-09 

36-14 

22*77 

? 15th November 1925 to 17tli November ,, 

1925. 

43-65 

42-83 

36-06 

34-67 

28-74 

28*69 

Averagedailypotashexcretianin-- 



mill 




llthNovcmbcrl025 to 13th November Grm. 
1935. 

120-70 

36-83 


31-27 

82-70 

22-21 

16th November 1025 to 17th November , , 
1925. 

140-50 

90-i)7 

117-83 

Hi 

97-43 

54*40 


Table XVII6, 


Conoentraliou of nitrogen and potash -in 'urine before and after administration of 

potash. 



3,0CO ib. ANIMALS 

7.50 lb. ANIMALS 


straw 

Hay 

straw 

Huy 

Concentration oi nitrogen in grm. per hilo urine-— 




mimi 

lltli November 1925 to 13th November 

■■:#1925. ■ ■ 

5*13 

11-09 

■'6*24.. 


16th November 1936 to 17th Novemi.iei 
: 1925.# ■ i 

5*41 

6-91 

■' 5*22 

m 

Concentration of potash in grm. per Jcilo urine— 



' ■ '■ ' 


11th November 1925 to 13th November 
1925. 

15*94 

11-06 

16-78 

9-37 

15th November 1925 to 17tb November 
1925. 

17-40 

' 14*54 

17-05 

11*51 


500 lb. ANIMALS 


8traw 


4*55 

4-14 


14*40 

14-04 


Hay 


8'8S 

6-75 


12-80 


1 
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Tlie administration of i^otash considerably increased the urination of Nos. 2 aiid 
6. The effect on No. 4 was less marked. In no case, however, did the urination 
reach the figures of the straw eaters. There are two reasons for this. In the first 
place, the administered potash was retained to a considerable extent, although the 
drenching w’'as begun 24 hours before the collection of urine commenced. The 
table shows that for three days the average retention of potash given in the drench 
amounted to 10 grin., 26*0 grm. and 10 grni. for numbers 2, 4 and 6 respectively. 

The potash excretion having been moderated by this retention the diuresis was 
less severe than anticipated. It will be noticed also that No. 4 animal whose urina- 
tion wus least affected by the drench retained an abnormally high proportion of the 
administered potash. Secondly, the rice straw was iiniisually rich in potash during 
the experiment. This fact was not known at the time and the drench did not pro- 
vide an equivalent amount. Table XIY5, giving potash concentration of the urine 
shows that during rapidly induced diuresis by administration of potai h the concen- 
tration of this base in the urine remains lower than that found with animals which 
have become accustomed to daily excessive elimination. 

In the second experiment the straw animals were brouglit on to a hay ration 
as quickly as possible. It took a fortnight to accomplish this. The urination of 
all six animals on a hay ration was determined then for three days. The results 
of this test are given in Table XVIII. 


Tablk xvin. 


Urine excretion after jnifting aU the animals on the same roughage {Hag), 



1,000 il). Aximals 

750 1b. ANIMALS 

500 lb. AMMALS 


No. 1 

No. 2 

No, 

No. 4 

No. 5 

No. 6 

Average roudiage ccjisimu'd in Kilos j*er day. ' 

6-80I 

0.-790 

O'SoO 1 

5*501 

4-520 ; 

3;094 

fUec. 4tii . 

4*175 ^ 

a- 405 

4-078 

5-815 

2-655 

5-145 

Daily urine exeretioniu Kilos J 

4*1^5 

s*a50 

2-610 

5-055 

2-425 

5-795 

1 „ 6tii . 

a-OOo 

2-955 

5-845 

2-4*20 

2-742 

2-520 

Average 

4-072 

5-250 

5-510 

5-OOf) 

2-6fS0 

5-155 


The figures show that the urination of the straw eaters Nos. 1, 3 and 6 had become 
practically normal a fortnight after the change of ration. 

Total mineral eaxretion. Table XIX gives the daily excretion of minerals during 
the three tests. 
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Table XIX. 


Average daily excretion of minerals in urine (in grm.). 



1,000 lb, ANIMAIS 

750 lb. ANIMATS 

500 11). ANIMALS 


No. 1 
Straw 

j No. 2 
Hay 

No. 3 
Straw 

No. 4. 
Hay ■ 

' ' No. '5 
Straw 

No. 6 
Hay 

First test, A priH925— 

• • • • • < 

•20 

■14 

•17 

•OS 

•25 

•06 

OciO • • • • • « , 

I0‘GS 

lo-no 

5-.S5 

12*46 

•74 

4*99 

Mgo . . . . . . 

2*17 

3*64 

2*48 

1*13 

1*53 

1*20 

SO, . . . . . 

6*75 

4*76 

5*59 

4*24 

4*36 

3*52 

Na,0 . . . . . 

27*01 

4*20 

26*84 

5-55 

25-93 

7-22 

K,0 . 

92-50 

33-14 

83-77 

27-11 

61-43 

20-14 

Total . 

140-21 

56-44 

124-70 

50-57 

94-24 

37-13 

Second test, ^Sopteral)er 1925 — 

.P*0, .... . . . 

' -29 

•11 

*14 

•09 

•14 

'■•07 

9 

o 

♦50 

•66 

•00 

8-01 

•23 

2-84 

Mgo . 

9-10 

6-04 

4-66 

6-06 

3*14 

3-14 

SO, . . . . . 

3-34 

2-51 

3-09 

2-09 

2*23 , 


Na,0 . 

31-30 

6-88 

13-72 

5-51 

26*02 

6-80 

K,0 . . .. 

100-28 

31-50 

92-20 

20-28 

67-12 

21*53 

Total . 

144-87 

47-70 

■ 114-41 

48-24 

98-88 

34*38 

Third test, November 1925-— 

P,0, . . . . . . 

•21 

•OS 

•12 

•OS 

•18 

•07 

CaO , . . . . . . 

•49 

6-41 

.68 

6-65 

•25 

3*76 

Mgo . . • • • 

8-29 

8.33 

4-41 

7'60 

3-74 

5-07 

SO, . ... . . . 

5-37 

2-SO 

4-80 

3-03 

3-43 

2-00* 

Na,0 . . . . . . . 

43-80 

3*13 

41-92 

.3-00 

32*20 

31-38 

K,0 .... . . 

130-58 

33- 50 

119.53 

31-27 

90-07 

22-21 • 

Total . 

188-74 

54-25 

171-52 

■ 51-72 

129-87 

64-49 


These figures show clearly that only tlie potash can be held responsible for the 
diuresis. Other noteworthy points are the following 

A relatively high soda excretion is invariably associated with high potash ex- 
cretion. The very low soda excretion by the hay animals is remarkable. The 
amounts excreted in the urine do not account for half the sodium chloride ration 
without considering the sodium present in the foodstuffs. It was found with these 
animals that they excreted more sodium in tbe faeces than in the urine which is a 
remarkable phenomenon, No. 6 behaved peculiarly in the last test, but we know 
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that this animaFs metabolism was not normal. The only other figures which show 
regularity are the figures for which are quite uniformly very low with all the 
animals. There are some extraordinary variations in the figures for lime and mag- 
nesia. No explanation is offered for these peculiarities at present. As a check on 
the figures for mineral excretion the amount of silica free ash digested during the 
digestion experiments is useful. In Table XX the digested mineral matter is com- 
pared with the excreted minerals. 


Table XX. 


Comparison of soluble ash digested {during digestion experiments) with total minerals 

excreted in urine. 

The NaCl fed separately is not included in these figures. 



1,000 lb, ANIMAI.S 

750 !b. .iNIMALS 

500 ib. A-NIMAbS : 


No. 1 
Straw 

No, 2 

Hay 

'Ko.T» 

Straw 

- No.'4, 
Hay' 

No. 5 
Straw 

'',No. 6 
Bay,. 

First te.st, April — j 

Excreted in mine 

140-2 

50-4 

124-7 , 

' 50-0' ■ 

^ . ' 94*2 ' 

; '' IH-l 

Digested 

151-2 

04-0 

llS;.*) 

'.'CpS' 

,77*5,' 

89-4 

Ditl’erence 

-Ml-0 

^ . ;+8-2 ; 

„.-0'4 

, ..|„jn-7 ■ 1 

—10-7 


Sceonil te.st, September — 

Excreted in urine ..... 

3410 

47*7 

•I14-4 

48*2 ■" 

98*9 

84*4 

Digested 

157*:T 

81*5 

. 108*2 

«:>2 

loo-e. 

50*7 

Deference 

4-12‘4 


— (»*2 

,.+ 15*0 

Tl-7 . 

+''16*3 

Third test, November — 

Excreted in nrine 

188*7 

54*2 . 

17P5 

51*7 

129*9 

, 64*5* 

Digested ...... 


,..,78*2 

158*4 

70*6 

IIG'8, 

■ ,'50'45 , 

Diflference 

I9f 

+24*0 

3:M' 

4-24*9 

..-DM 

? 


♦ Contains an abnorinal amount of Na Cl. Table XIX. 


It would appear from these results that the hay animals assimilated more 
minerals than the straw animals. 


The effect of high urination upon the faeces. The effect of high urine excretion 
upon the moisture content of the faeces is worth remarking upon. Table XXI 
shows the amount of water excreted in the faeces and urine respectively. 














F. J. WABTH 59 

Table XXL 

Total water excreted in urine and faeces. 


— 

3,0001b. ANIMALS 

750 ib. ANIMALS 

500 Ib. ANIMALS 

Straw 

Hay 

Straw 

Hay 

Straw 

Hay 

1st test, Aprii— 







Average water in faces 

9*502 

12*125 

7*380 

9*363 

6*196 

8*869 

Average water in urine .... 

7-407 

1 3-576 

7*446 

8-357 

6-028 

3-001 

TOTAI, WATER 

16-969 

15-701 

14*826 

12-720 

12-224 

11-870 

Second test, September — 







Average water in f®ces 

9-947 

12*317 

8-469 

8-649 

6-087 

8-556 

Average wjiter in urine 

6-462 

2-543 ^ 

5-537 

2-771 

4-729 

2-967 

Total water 

16-409 

14-860 

14-006 

11-420 

10-816 

11-523 

Third test, November — 







Average water in faces 

9*413 

10*560 

8*134 

9*408 

6*180 

9*033 

Average water in urine . 

7*149 

3*046 

6-933 

3-093 

5-448 

3-383 

Total water 

16-592 

13-606 

15-067 

12-501 

31-628 

12-396 


It is seen that almost without exception high urination results in less moist 
feces* This may he, of course, only a coincidence, the real fact being that hay 
faeces are more moist than straw feces. At present, we have no data for solving 
this question. It should be mentioned that the animals were provided with water 
ad lib. 

Nitrogen distribution in urine. The figures in the accompanying table are aver- 
ages of two or three days’ determinations which did not agree very closely. 

Table XXIL 


Nitrogen distribution in urine, {Average daily excretion of nitrogen in grmi) 






1,0001b. 

ANIMALS 

750 lb. ANIMALS 

600 Ib. .ANIMALS 





Straw 

Hay 

Straw 

Hay 

straw 

Hay 

First test, May 1925 — 

3'ctal nitrogen 




97*46 

91*18 

82-15 

74-92 

65-73 

60*18 

Urea and ammonia 

* 

• 

* 

79-59 

67*07 

68*83 

56-39 

56-04 

47-19 

Creatinia and creatinin . 

• 

• 

. 

4-52 

2-69 

3-27 

2-33 

2-38 

2-23 

Amino acid nitrogen 


• 

* 

3-92 

5-91 

3-99 

6-43 

2-82 

3-84 

Undetermined 





9-43 ; 

15-52 

6-06 

10-77 

4-49 

6*92 
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Nitrogen distribution in urine. {Average daily excretion of nitrcgen in grm.) 

— contd. 





1,000 ib. ANIMAI.S 

750 lb, ANIMALS 

500 lb. ANIMALS 




Straw 

Hay 

Straw 

Hay 

Straw 

Hay 

Second September 1925™ 

Total nitrogen 



35-7C 

38-33 

39-19 

30-25 

28-79 

28*50 

Urea find ammonia 



19-47 

20-44 

25-00 

20-70 

■17-66, 

16-21 

Creatinin and creatinin . 



4*00' 

2*92 

3*00 

' ,■2*49 

■ ■ ■ 2*57 

■■■,"■■: 2*08 : 

Amino acid nitrogen 


. 

5*01 

4*90 

4*30 

3*87 \ 

■' 2*37 


Undetermined 



7-28 

10*07 

5*23 

9*19 

6*19 

■■■ , ■ ■5*40 , ■■ 

Third test, November 1925— 









Total, nitrogen 



38*29 

30*97 

37*82 

32*20 

25*92 

22*73 

Urea and ammonia 



20-81 

18*27 

■22*94 

■ 10-69 

14-68 

10-89 

Creatinln and creatinln . 



4-72 

, 3‘*19 

3*00 

, 2-99 ■■ 

■ ■ ,3*13 

■,^'2-18- 

' 'AndnO' acid nitrogen " , 



.. 4*65' 

. ■ , 8*10 

3*56 

' 5-31' ".:■: 

3*85 ■■. 

■,,■■,' :6-14, 

Undetermined ■ . 



8-11 

7*05 

' 7-00 

' .7*21 

■ ■ ,4-20 ,■■ 

■ 3*52 ' 

Fourth test, Novembitr 1925— 









Total nitrcgen 



43-09 

' ■ 42-71 

■■ , 35-89 

'34-11 

28-01, 

'■ , 28-51 ■■ 

Ure*^ and ammonia 



20-25 

, 25-57 

• 22-88 

■■19-27 . 

;'',■■ 18-30. 

■ , , '17-00 

Greatinlu and creatiniii . 



4-95 

3-'78 

3-43 

3-00 

' 3-17 

2-53 

Amino acid nitrogen 



3*48 

3-05 

■ 3*28 

3-33 

‘2-26 

■ 2-55. 

. , . Undetermined ' . ' • , 



9-01 

9*71 

6-30 

,8-45. 

4-88 

■ 6-43 


It seems clear that the straw eaters eliminated more creatine and creatinine. 
Generally they eliminated less hippuric acid, but in this case there are some irregula- 
rities. At this stage of the work nothing can be said regarding the significance of 

Cb^cohur. Of the animals tested the first four have a beautiful black coat 
with wMte markings, the two last are white. At the end of the feeding test the 
animals were examined by several visitors. The two lots could not be distinguished 
from one another in condition, skin, or brightness, but the coat colour of the black 

and white straw eaters had become lighter than that of their mates, bince this 
observation the animals have been on mixed rations and the coats ot the four have 

become alike again. i x 

The siqnifioance cj potash diuresis. It is impossible to say, at present, what 

the efiect of this diuresis wiU be. Up to a point the elimination of urine is a healthy 
svmntom. It may be expected to clear the system. On the other hand, the ex- 
cretion of very large amounts of urine, or of urine of abnormal reaction, i.s a strain 
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on the kidneys and must inevitably lead to serious results/ It is possible that a 
subject of fundaiiiental importance to animal nutrition in India has been met with 
here. The question is being followed up tentatively at present. 

Summary. 

1. Accurate digestion data have been obtained for rice straw and baled hay. 
It has been found that our rice straw is more completely digested by our bullocks 
than American rice straw by American bullocks. This difference is to be attributed 
to the digestive capacity of our animals rather than to the quality of the foodstuff. 
Considering the results obtained with rice straw the quality of our hay (Bolarum 
Rukh Hay) must be considered disappointing. Even with our bullocks it was 
found to be inferior to average American hay. 

2. The net energy values of the twm roughages have been determined indirectly 
from feeding exi)eriments. The results so found agree as well as could be expected 
with figures obtained by the writer’s graphic method, but they diverge considerably 
from accepted American values. 

3. Reasoning from the net energy value data it is concluded that the maintenance 
requirement of our bullocks must approximate fairly closely to Armsby’s average 
value of 6 Therms per 1,000 lb. live w^eight. This is a valuable piece of information. 

4. From the physiological point of view it has been found that rice straw induces 
diuresis, and the cause of the diuresis has been traced to the high potash content of 
the straw. This observation may possibly be of considerable significance to Animal 
Nutrition in India, Further study of the subject is desirable. 

Acknowledgments , I have to acknowledge, with thanks, the splendid work done 
by the members of my staff who carried out all the analyses connected with this 
enquiry. 
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In a previous jpapei*^ an account was given of some digestibility trials carried 
out at Lyallpur during tlie cold weathers of 1921-22 and 1922>2o, with Bliiisa, gram 
{Qicer arietinum): maize {Zea Maijs)^ and fresh Shisham {Dalbergia Bissoo) leaves, 
the object being to determine the quantitative feeding values anci the digestibilities 
of those diets in order to determine how far Sliisham leaves could be utilized as a 
fodder reserve. 

It was pointed out that, fresh Shisham leaves could .be taken by the animals 
under trial only in very limited quantity, owing to the disturbing effect which they 
had on the digestive tract when fed in large quantities. 

It was therefore thought advisable to try the effect of siloing the Shisham leaves 
and feeding to animals, both alone, and in conjunction with other feeds. 

Two sets of experiments were planned : — 

(1) Digestibility trials on stall fed animals in which siloed Bhisham was fed 

alone and in combination with Bhusa, and for comxjarison, a combina- 
tion of green Sarson [Brassica GaniiJesiris, var) and Bhusa was fed. 

(2) Trials in which the green fodder of milch co’ws ’was replaced by siloed 

Shisham. 

The results obtained from these latter trials have already been piiblished^ and 
it is proposed now to give some account of the' digestibility trials. 

I,u all, five different diets were employed, viz.^ Bhusa and green Barsoii ; Bhusa 
alone ; Bhusa and siloed Shisham leaves ; siloed Shisham leaves alone ; and an 

^ Lander, P. E., and Dharmaiii, Pxindifc Lai Chand. Some digestibility tiiats oii lixclian Fecdjug 
stuffs. 3Iem. Dept of AgrL India, Chem. Ben, Vol VII, R‘o. 4, SeiJtembcr 1924, 

Lander, P. E., and Dbarmani, Pandit Lai Cband, A new fodder failoed Sinsliam leaves) for 
l^aiiy Cows. Pma Agri. hut, Bull, Ho. 15S of 1925- 
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ordinary farm diet at the end of the Shisham period which consisted of mixtures 
of green and dry fodders, such as senji {Melilotus ^arvijUm), 

Rapa)ymB,iigel& {Beta Vulgaris Maeforrhiza)^ cane {Saccharum gffieinarum) tops 
and oats {Avena saliva), together with two lb. of grain each evening. 

Full particulars of these various diets are given in Table I . 

The animals and their management* 

Four Montgomery bullocks were employed, whose ages varied between foi r 
and five years, and which may be designated as animals 1, 2, 3, 4,. were under trial 
from 1st December 1923 until 3rd April 1924 and were weighed daily throughout 
this period as recorded in the previous paper. A graphic record of their weights 
as obtained during the various dietary periods is given in Fig. I. ^ 

It was also decided to carry out some observations on the urine and its consti- 
tuents.' 

Some modification of the stall accommodation, as recorded for the previous 
trials, was necessary, as it was desired to collect the urine from each animal during 
the experimental periods. In order to do this with as little loss as possible, four 
pens were constructed and ‘ walled ’ off from each other by fenced partitions. 
In the middle of each two of the ^ pens ’, a space was left, in the centre of which 
a hole was dug sufficiently large to admit an attendant who could manipulate the two 
kerosine tins into which the urine was passed by means of a rubber tube passing 
over a pulley, which tube connected with a bag attached to the animars sheath. 
The bag was made of water proof material and in order to save the rubber tube frcm 
being damaged by the animal sitting on it on a level floor, the floor was sloped towards 
the centre and towards the side of the pit ; in this way the tube had free play over 
the pulley, and urine could pass into the receptacle in the pit even should the anima ! 
happen to be lying down. On account of the slope the animals soon acquired the 
habit of sitting on one side leaving the whole of the tube free. 

Hate I shows the general structure of the urine pit which was found to be satis- 
factory as the animals did not urinate when sitting except on very rare occasions. 

Since these trials were carried out the experience gained therein has resulted 
in the construction of an entirely new digestion stall which has been described in a 
separate paper.^ 

Common salt was always available and the animals were fed half the daily ration 
in the morning and half in the evening, they were also watered once at noon daily 
and once in the evenings in the stalls during the experimental periods and at the 
watering tank during the non-experimental period. 

Careful watch was kept over the dung bags which were emptied morning and 
evening. The dung and the urine bags were only worn during the experimental 
periods, and no ill effects appeared to result from their use. 

^ Lander, P. E. Stalls and harness used in the study of nitrogen metoholism and nutritive val^e 
of c?i,ttie feeds. Agricultural Journal in Iridia, ‘VoL XXl, 
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The experimental periods during v^hicli full records were kept wore always pre- 
ceded by a noinexperimental or preparatory period during which the aiiiinals were 
fed the succeeding diet in order to remove all effects of the preceding diet. 

During the non-experiinental periods, between the feeding of the various diets 
the animals were allowed to roam about in the fields with mu^szles on their mouths 
to prevent them from eating anytliing other tlian the prescribed diet, and at night 
time they were housed in a shed with a level haclia fi oor. 

The ages of the bullocks on tlie date at which the trials were commenced were 
as follows : — 


N’o. 1, 3 years 8 iiiontbs. 

-Wo. '2, ,,^,,..,*.45, 

Wo. B , , ....... . . 4 5 , 4 ,, , 


r Wo. 4 4 „ S „ 

Each of the feeding periods may ))e considered separately and tbe information 
that \Ye obtain on their digestibilities as a wdiole noted, and the digestibilities of the 
individual constituents thereof. The weights and conditions of the animals will 
also be noted and compared. 

First expeiimeBtal period (TaHes I! and III). 

The diet employed was green Sarson and. Bliusa. This period really consisted 
of tliree sub-periods, (i) 6th-13th December, 8 days ; (iij 14tli-20tli December, 
7 days ; (iii) January 4tli-13th, 10 days. 

During the first sub-period each of the four animals ate on an average 24 lb. of 
Saa’son and from 8-12 lb. of Bhusa per day and the lowest and highest recorded 
digestibility co-efficients for the combined diet were 4-8*54 and 55’68 respectively, 
the corresponding figures for the Sarson being 46*10 and 70*74 respectively. It wfill 
be noted that animal 3 which g?3ve the highest figure for the Sarson also gave the 
highest for the combined diet. 

In calculating the figures for the Sarson from the ^ combined ’ figures, it w*as 
necessary, of couivse, to calculate from the digestibility co-efdcients of the 
Bhusa and its constituents as found by actual determination in the second ex- 
perimental periods. 

From Table IV it will be noticed that in every case the ash and the protein, which 
are present in comparatively small quantities, show negative co-efllcients Vvhicli 
indicate that, taking into consideration the experimental error, the determina- 
tions of the fi.gures for these small quantities are affected by influences from the 
digestive tract. 

We notice correspondingly on. working out the eo-eflicients for tlie individual 
corivStituents of the Bhusa in the combined diet that the ash and tlie protein also 
show small negative values, although very considerably diminished in magnitude. 
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indicating that tlie effect of the added Sarson is in the direction of greater utiliza- 
tion., and consequent diminution of error. Similar results were obtained in the 
previous year’s experiments and are a very common feature of all such trials. 

On comparing the individual co -efficients for the Bhusa and the Sarson in Tables 
II and IV it is noticed that in all cases — with one or two exceptions* — the figures 
for the Sarson are fairly high, and much higher than the corresponding figures for 
the Bhusa, tending in general toAvards a lower dhection in the case of those consti- 
tuents such as fibre which are only present in small quantities. In every case the 
co-efficients of the various constituents of the "combined feed ’ are positive and 
normal. 

In the second sub-period from Mth-20th December, the figures show much the 
same results. 

During the third sub-period the average amount of Bhusa eaten by the animals 
was from 8 to 11 lb. and the amount of green Sarson from 22 to 24 Ib. The highest 
and lowest figures for the digestibility of the combined diet were 53*31 and 47*94 
and for the Sarson alone 61*75 and 46*44 respectively. 

ISTo negative results were found. 

A reference to the weight curve shows that the animals preserved their weights 
well throughout the period of 5 weeks during which the Bhusa and Sarson 
was fed. 

Taking these periods on Bhusa and Sarson certain general observations may be 
made. Table III shows the data concerning digestible protein, starch equivalents 
and nutritive ratios, and we note that the average daily digestible protein is about 
0*16 lb. or 0*45 per 100 lb. of food given, the digestibility of whose protein is on an 
average 32 per cent. Taking into consideration the fact that during this wdiole 
period the weights of the animals remained constant, we may perhaps assume that 
this diet represents a close approximation to a maintenance diet for the bullocks 
at rest. There are certain facts brought out when we refer to the table showing 
the nitrogen balance of the animals on this diet. The total nitrogen given in the 
food has been computed and also the total nitrogen excreted in the urine and in 
.the dung, and the balance throughout these periods is slightly on the negative side, 
indicating that this diet is just under what may be considered a maintenance ration. 
Armsby^ gives the digestible protein required per day for a bullock weighing a 
thousand pounds as 0*5 lb. for American animals, which is considerably higher 
than the figure obtained in these trials. 

If we bear in mind that the total period of Bhusa and Sarson was only 5 weeks, 
and also consider the fact that the " nitrogen balance ’ during this period wms nega- 
tive, it would appear that the minimum daily protein requirement must he higher 
than the a verage figure of 0*15 lb. which was what the animals obtained in these 
trials. 


^j^Armsby, H. P. The nutrition of farm animajs. 
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Reference to tlie weight curve during this period shows that the weight has been 
more or less maintained and on this alone one might conclude that the animal 
were receiving a maintenance ratiouj but if it be maintained that the nitrogen 
balance should be zero, then they certainly did not, and further trials will be neces- 
sary to determine what is the daily maintenance requirement in true digestible 
protein for Indian cattle, but in any case this is a remarkably low figure. 

Second experimental period (Tables IV and V). 

The diet was Bhusa alone and the period was from 23rd January to 4-th 
February 1924. 

The amount of Bhusa eaten per day by the animals during this period varies 
from 8 to 12 lb. ; the highest and lowest figures for the digestibility of the Bhusa 
were 50 and 48. The percentage of crude protein in the Bhusa was low, being only 
1*67, and this is reflected in the digestibility co-efficients of the same as found, 
which were negative for all the animals and consequently the figure for the daily 
digestible protein required is negative, an obviously absurd result indicating 
that the Bhusa does not constitute a maintenance ration even when the animals 
are fed as much as they can eat. 

This is further shown in the vreight curves from which it is seen that all the 
animals lost in weight consistently, and by referring to the nitrogen balance in 
Table V we notice a considerabe negative balance in all cases, clearly indicating 
that the animals are drawing on their reserves of body protein for maintenance. 

It does not follow that Bhusa will always fail to maintain an animal at rest, 
this largely depends on the richness or otherwise of the material. In a previous 
publication^ it was shown that when Bhusa contains only 1*72 per cent, of protein 
negative digestibilities were obtained, but positive figures were obtained when the 
Bhusa was twice as rich in protein. 

It may be pointed out here that Bhusa was analysed from time to time through- 
out the period of the trials, and but slight differences in composition were found. 
The Bhusa figures, on which we have calculated the digestibility co-efficient of 
the Bhusa, are not exactly the same in the other periods, but this digestibility 
co-efficient of the Bhusa has been used later on in determining the digestibilit}” 
co-efficient of other feeds. As, however, the difference is very small, no particular 
account has been taken of it. 

Third experimental period (Tables VI and VII). 

The diet employed was Bhusa, as in the preceding period, together with silced 
Shisham leaves, and was continued from 18th to 29th February 1924. 

The average amount of Bhusa eaten per day by the animals was about 3 lb. 
and Shisham 24 lb. during the period, wuth the exception of one bullock which ate 

^ Lander, P. E,, and Dliarmani, Pandit Lai Chand. Some Digestibility Trials on Indian Feeding 
Mem. DepL of Agric. India, Ohepi. Ser.,^ Voi. VIL No. L 
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14 lb. Sliisliam. The highest and lowest digestibility co-efficients of the combined 
diet were 45 and 36, respectively, and for the Shisham as such 39 and 28, respec- 
tively (Table VIII). Only in one case, for the ash, wavS a negative figure found. 
The highest digestibility co-efficient found for the protein of the combined diet was 
47, and reference to Table VII shows that the daily protein digested averages just 
over 0%5 lb. except in the case of one animal where it was only 0’26, probably on 
account of the fact that it only ate a small quantity of the Shisham. 

It is interesting to compare the very high figure for the daily protein digested 
on this diet, with the corresponding figure for the preceding diets. The Shisham is 
comparatively rich in protein which is apparently easily digested, although, taking 
into consideration the fact that the animals were fed as much Shisham as they 
cared to eat, and also the fact as revealed by Table VII that the nitrogen balance 
is on the negative side, it would not appear that the animal is fully able to utilize 
in the tissues ail the protein which has actually been digested. This is an important 
factor to be kept in sight in computing the efficacy of any particular diet, even 
digested protein may not be entirely available for the general use of the animal 
because, as in this case, although the food was fed ^ ad lib ’ the nitrogen balance is 
still on the TOo-ng side. 


Turning to the weight curve we notice that the animals put on weight to a certain 
degree, but they do not quite recover to their initial figure. 



We may compare the siloed Shisham wdth the fresh material such as was fed to 
the animals as recorded in the previous trials,^ when only about 6 lb. daily could 
be taken. There is no doubt that the animals ate the material with relish and 
while it must be recognised that this material can onty be regarded as a reserve 
in time of famine, when the main consideration is to keep an animal alive, its defi- 
ciencies must be sought for, not in its unpalatability, ox in the figures as revealed 
by chemical analysis, but rather in the deficient availability of the digestion pro- 
ducts in the tissues of the animal. How far these would be made more useful on 
prolonged feeding when the animal had become more accustomed to it, it is difficult 
to 'Say. ■■ ■ 


Fourth oKperimental period (Tables VIII and IX), 

Here siloed Shisham leaves alone were fed from 8th to 17th March 1924. 

It was thought advisable to see how the animals would thrive when fed on 
nothing but Shisham. The average amount eaten per day by the animals during 
the period was 25 lb. the highest digestibility co-efficient being 39, about the 
same as in the previous period. The total protein digested per day is still in the 
region of 0*5 lb., but the negative nitrogen balance has very considerably increased. 
The explanation of this would appear to be that although considerable quantities 
of protein are daily digested, certain essential " elements ’ are lacking which are 

^ Lander, P. E., and Dharmani, Pandit Lai Chand. Some Digestibility Trials on Indian Feedin^^ 
Staffs. Mem, Dept. Agric, Indian No, 4, 
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required by tbc animal, and in its effort to secure these it has recourse to the break- 
ing down of its own tissues. This is in conformity with the well-known fact that 
an animal, fed on a diet deficient in certain mineral constituents will break down its 
tissues and die sooner than one ivhich is being actually starved, ow ing to the excess 
work involved in the processes of digestion, the products of which cannot be utilized 
owing to general derangement which ensues. The possibilit}- of the defect being- 
due to some mineral deficiency rather than some defect of the proteins suggested 
itself and it was decided to carefully analyse the Shishain for its mineral content, 
and to compare. the ash wdth that obtained from green Sarson. The results are 
given in Table X, from which w-e note that potassium, sodium, and phosphates are 
present in smaller quantities than in green Sarson and when fed on a pure Shisham 
ration the animal is only getting about one-third as much calcium in its daily ration 
as it would on a normal diet, although it is open to question whether during the 
period over which the observations were made this could be the cause of the defect 
in the diet. Work is being underbaken on the jirotciiis of the Shisham, a direction 
in which it is perhaps more like].y to find some explanation of tlie unsatisfactory 
nature of Shisham as a fodder for sustained replacement of ordinary green fodder. 

It is clear that in these trials, neither the Shisham alone nor tfhe Bhusa alone 
are sufficient maintenance rations, but a combination of the two effects some im- 
provement. 

During this period of Shisham alone all the animals decreased considerably in 
weight as shoAvn by the curve, whicli decrease, coupled with the high negative nitro- 
.venbalance confirms the inadequacy of this material as a solo dietary. The animals 
lost ‘ condition.’ They licked earth from the walls and mangers and tried to eat 
tlie wooden partitions. Their eyes became lacrymose and they sb.owod rcluctar.ee 
to rise wdien sitting, and the urines showed a considerable de|K.sit of broken cellular 
material ; this may have been due either to the mineral content being deficient 
or to protein deficiency as already mentioned. 

Fifth experimental period. 

After the period of Shisham feeding alone it was decided to put the animals on 
an ordinary Farm ration for about a week in order to note any improvement in 
condition and this was continued from 27th March to .3rd A]iril 1924 during which 
time the urines were collected as usual in order to see wdiat changes, if any, occurred 
in the constituents of the urines, and for comparison, urines from four bullocks on 
an ordinary farm diet wdiich had no been subjected to the experimenfal trials, 
were collected from 8th to 10th April 1924 and analysed. The figures from llu-se 
urines are commented on later, along with the urines collected in the previous 
periods. 

Some emphasis has been laid on the variations of weight noted during the various 
periods, and these have been attributed to the effects of the rations employed, 
particuiarly in the case of the Bhusa and Shisham diets. The variations in iveight 
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on the pure Shisliani diet, taken in conjunction with the fact that the nitrogen 
balance in unfavourable, has, in particular, been taken to indicate that this diet has 
produced an effect on the weight of the animal, but where the variations in weight 
are not very pronounced we must guard- against attributing the effect noted solely 
to the diet and overlooking the possibility that the changes in live weight noted 
may be explained and accounted for by the amount of dry matter consumed 
and the average amount of material lying in the alimentaTy canal. 

From the data given the foil owing figures are found : — 

Average \rciglit in 3b. 

Eation of dry matter con- 

sumed per head per 
day 

Bhusa-Sarson . * . * . , , . . . . 11 'Ol 

Bliiisa alone .... . . . . . . . 8*65 

Bhnsa silage , . 12*39 

Shisliam silage , , , . 6*35 

The difference in the stomach contents taken on an average during the four 
periods goes far to explain the changes in live weight which cannot be entirely attri- 
buted to the quality of food eaten. It would appear that the nitrogen balance is 
of greater value in adjudicating between the rations than slight variations in live 
weight as found on the balance, which variations may be due to other causes, and 
should be interpreted with caution. 

Some observations on the urines of the animals* 

In a maintenance ration there should he a fairly accurate balance between the 
total nitrogen in the food and that conttiined in the urine and dung. That part of 
the nitrogen found in the dung, if we exclude that derived from the secretions and 
other refuse derived from the digestive tract, is derived from the undigested portion 
of the food. This may be termed the exogenous nitrogen excretion. That part 
which is contained in the urine, however, is of an endogenous nature and is derived 
from various sources ; part coming from the amino acids which are taken from the 
digestive tract and de-aminised in the tissues, and part is derived from actual 
breakdown of tissue substance itself, which partis the endogenous nitrogen proper. 

On a properly balanced ration the body ought not to have recourse to ary pro- 
nounced utilization of its own tissues, especially When at rest and there should be 
an equal quantity, or less, nitrogen excreted in the urine and dung than that con- 
tained in the food. If it is found that the body is excreting mere nitrogen than it 
is receiving the oiity conclusion that may be drawn is that for various reasons the 
food is not supplying all the material, either in quantity or quality that the body re- . 
quires and the balance has to be made up from the only other available source, 
the tissues themseWes. This fact is independent of the gross nutritive content of 
the diet as may be clearly perceived if we consider the complex nature of the general 
metabolic processes always taking place. The body is a very complicated inachino 
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ia whicli not only the broad basal facts of digestion of the proteins fats and carbo- 
hydrates is to be considered, but also a large number of other co-ordinating factors, 
only a few of which are at present probably known. We have the illusive sub- 
stances known as hormones to be considered, the secretions of the ductless glands, 
and undoubtedly a large number of other substances, ail ultimately derived from 
the food and absolutely dependent upon the presence in the food of those molecular 
‘ aroupinc^s,’ which when introduced into the body will enable it to produce those 
substances, often only present in extremely f 

sarv for the proper co-ordination of the various bodily functions. If, l^heiefore, the 
food is deficient in any of the directions indicated, it will not sufiice either for main- 
tenance or to keep the animal in health. It was, therefore, considered expedient 
not only to balance the total nitrogen intake against the outpt, but also to investi- 
gate to'some degree the nature and quantity of the various nitrogenous constituents 
of the urine, a progressive increase in which would give some indication of internal 
tissue breakdown. Comment has already been made on the negative nitrogen 

balances as obtained on some of the diets. ^ • x a 

While it is not easy to interpret the data which was obtained, certain factors 
nevertheless stand out :-Eollowing the Bhusa and Sarson diets in the daily 

fimixes showed a fair degree of uniformity without any very pronounced divergences, 
we find that when the animals were transferred to a pure Bhusa diet the reaction 
of the urine altered considerably, an alkaline urine being replaced in many cases by 
anacidoiie. The flguresfor urea were low, as might be expected, while the ammo- 
nia and amino acids, creatinine and uric acid did not show any wide divergencies. 

On the Bhusa and Shisham diet the reaction of the urine again becarneulkaline. . 

The ammonia and amino acids tended to rise, as also did the urea, whilst the uric 
acid and creatinine did not show any pronounced variations. _ 

During the ‘ Shisham alone ’ period we noted that the urea figiue rose consider- 
ably this is the period when the most pronounced difference was noted between 
the total nitrogen intake and output, the animal obviously losing nitrogen but con- 
siderable difficulty is experienced in saying precisely in what form to excess 
nitro-en exists. The figures for total nitrogen as determined by the BjeUdal me- 
thod were very considerably higher than in any of the other periods. Difference 
of season may exert some effect on the various nitrogen figures ior the urines as we 
nroenress from the cold winter months to the warmer weather of March. It is hoped 
^ t further work in the future will throw more light on these complicated factors 
to the indecisive nature of the figures obtained it is not thought advisable 
’ he daily data in detail, but to give as an illustration the data^^ to 

during the various experimental periods (Tables XI to Xl II). The 

3ted is'" No. Ill, thd data from which is representative of those found 

from ail tue animals. . t i 

All the various ingredients were not deterniined throughout, because the lange 

of investigation developed as the trials progressedv 
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The following points, however, are specially worthy of note ~ 

1. The alkalanity tends to diminish towards the end of the green Sarson- 

Bhusa period, decreasing still further on the Bhusa diet when an acid 
condition often prevailed. It increased, however, on the succeeding 
diet of Bhusa and Shisham to a much higher figure than the normal 
and maintained the high figure also on the pure Shisham diet, the 
figure dropping somewhat towards the end of the final normal diet. 

2. The ammonia and amino acid figures increase to a very high degree on the 

Shisham alone diet, a period when the alkalinity is at its maximum, 
and also show some increase on the Bhusa-Shisham diet, but the crea- 
tinine figures although showing an upward tendency at this time do 
not increase in the same proportion, a point on which comment will 
be made later, 

3. The urea figures are low^ on all the diets except the pure Shisham and 

ordinary farm diets, the latter being due fjerhaps to effects carried 
over from the former. The urea figures for the Shisham diet are 
extraordinarily high. 

4:. The uric acid figures do not show any very great fluctuations and are in 
all cases lower than those obtained from the animals when on the 
ordinary farm diet. It is possible that the effect of the preceding 
diets does not show itself immediately in the case of uric acid, but tfie 
figui‘es are not of sufificieiit variation to justify conclusions being 
drawn. 

5. The creatinine figures show" some decided increase when the animals are 
put on the Bhusa and Shisham diets, and as creatinine is generally 
recognized as being indicative of endogenous metabolism we have to 
try and correlate the increase of creatinine with corresponding in- 
crease of alkalinity, on the one hand, and the ammonia and amino 
acids on the other. 

It woidd appear that the increases in these directions may be explained by assum- 
ing that as the diets were deficient in the particular protein ' groupings ’ which the 
animal requires for its general metabolism, a call is made on the muscle proteins 
with consequent breakdown thereof and increases output of the end products of 
katabolism. 

McCollum^ {Jouf. of Biol, Vol. XVI, 1913, p. 299) has pointed out that 

the grou|) of metabolic end products of nitrogenous nature present in the urine of 
an animal whose diet contains no nitrogen shows relationships which are not 
found in urines under any other condition, and we are here dealing with diets whose 
nitrogen constituents are abnormal with corresponding abnormal relationships in 


1 McCollum and Hoagland. Studies of the endogenous metaholism of the pig as modified by 
various factors. Jour* of Biol, CJiem., Vol. XV T, p. 299, 1913, 
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tlie urine. He further points out that the most coiisj>icuoiis and least variable 
known constituents of the grouj) of endogenous end products of metabolism, is 
creatinine, and Mendel and Eose^ {Jour, of Biol, CJiem,. Yol. X, p. 247, ID] I), 
studying the conditions under which creatinine is eliminated have shown con- 
clusively that in fasting rabbits and dogs when the tissues are being starved 
there is always an increase in the output of total creatinine. 

It would appear that whenever an aiiinial is i)ut under such conditions that 
the endogenous type of metabolism is increased, a rise of creatinine is found. 

In endeavouring to seek an explanation of the increased alkalinity it may be 
pointed out that it has been found that the water extract of 100 grni, of the fresh 
shisham leaves required 70 c.c. of normal alkali to neutralise the non-volatile acids 
compared with about 20 in the case of green oats, and 16-17 with Jum\ The non- 
volatile acids do not increase in the case of Shisham dining ensilage, but rise very 
much in the case of other green fodders. Finther, the ammonia and amino acids 
in a similar extract of the fresh leaves have been found to be equivalent to 20-30 c,c. 
of normal acid against only 4-7 for green oats and 0'4-0‘5 in the case of Juar, 

The actual extract of the leaves themselves is neutral to ordinary indicators 
and therefore the acids must be in a combined condition. Now McCollum^ has 
found {Jour, of Biol, Chem,^ Vol. XVI, 1913, p. 302) whilst investigating the effect 
of acid and basic salts and of free mineral acids on the endogenous nitrogenous 
metabolism that when the diet is acid, ammoni.a is liberated in quantities suilicient 
to neutralise the acid present in the diet and that tliis Jiminonia nitrogen is to a 
considerable extent derived from additional protein destruction in excess of that 
which would take place if these acids were not present. 

Beaxdng in mind that the protein of the Shisham leaves is of an abnormal clia- 
racter, and that the feed is very rich in non-volatile acids it would appear that u 
reasonable explanation of the high alkalinity is to be found in an effort of the body 
to counteract the acidity ; furthermore the body being unable fully to utilize the 
proteins of the Shisham, they are dealt witli possibly by the liver and the very high 
urea figure is the result, the lesser rise in the creatdMine being explained by the in- 
creased endogenous nitrogen metabolism called forth as a result of the demands of 
the body when a diet deficient in the requisite nitrogenous constituents, or in a. 
form in whicli the body cannot fully utilize them, is fed. 

The sulphur figures are interesting. It will be noticed tliat the highest figures 
were obtained on the green Sarson and Bhusa period in the first half of January, 
becoming much lower in the latter part of the moiith on the Bhusa diet, and iji 
February on the Bhusa and Shisham, dropping srill lower iu Jiareh on the l>uri^ 
Shisham diet ending on the I7th. After this the animals were put on the ordinary 


^ Mondel and Hose. Creatine and Creatinine Motaboil^.ni. Jour, of Chthh, \ ol X, lUll , 
p. 247. 

- AleGoHum and Hoagland. Studies of the crKlogonuiis jaetab'jJisiu of the pig modiiled bj 
various factors. Jour, of Biol, GkenLj YoL XVI, 1013, p. 302. 
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farm diet and tlie observations continued from the 27th March upto the 3id April 
when it will be seen that the figures again rise considerably. 

In conclusion, it may be mentioned that only a few isolated analyses were done 
on .the ■ Mppuric ' acid. . . 

, Summary* 

1st Period, Barson and Bliusa, The effect of adding Sarson to Bhusa was to 
diminish considerably the degrees of negativity in the cc-eflicient found in the 
Bhusa period. 

The co-efficients for the protein and ash in the Bhusa period were negative, but 
the co-efficients of the combined feed were positive and norinal 

The animals preserved their weights. 

A slight negative nitrogen balance indicates that the ration was just under a 
mamtenance ratiom 

2nd' Period, Bhusa Alone, The digestibility co-efficients for the protein are 
negative. 

The nitrogen balance is negative and the ration is not a maintenance ration. 

3rd. Period, Shisham Sila>ge and Bhusa, All the digestibility cc-efficdents are 
positive except in the case of ash. The protein co-efficient is i^csitive, but the nitro- 
gen balance is negative, indicating the inability of the animal to fully utilize the 
protein. No actual less in weight occurred. 

ith Period, Shisham Silage alone. The digestibility co-efficient- of the protein 
is positive but the nitrogen balance showed a considerable increase on the negative 
side, a result probably explained by the protein inefficiency of the Shisham silage. 

The ash content of the Shisham cannot fully explain its inadequacy as a ration. 

Neither Shisham silage nor Bhusa alone is a maintenance ration — but a com- 
bination of the tA\o eiiects some improvement. 

The w'eights of the animals during this period showed a considerable decline. 

Some observations on the urines are given, the outstanding features being the 
pi'Oiiouneed difference between the total nitrogen intake and output when the ani- 
mals were fed Shisham silage alone. 

In concl iision , tlie authors wish to express then* thanks to Mr. Stewart, Professci 
of Agricultru'e for assistance in providing the bullocks,, fodders, etc., and to Dr, 
EamjiNarain, 8. Sher Singh, S.Kislian Sin offi and S.Balwant Singh of the Chemical 
Lal)oratory for assistance in analyses. 
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Table I. 


Oomposition of feeds during the different periods. 


Feed 

Periods 

Mois- 

ture 

Bry 

matter 

Ash. 

Fat 

Crude 

fibre 

Protein 

Nitrogen 

free 

extract 



Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Sarson 

6— 13th Dec. 1923 
(8 days). 

84*64 

15*36 

2*17 

0*45 

4*53 

1*36 

6*85 

Bo. 

14— 20th Bee., 
1923 (7 days). 

87*03 

12*97 

2*43 

0*36 

,2*55 

1*41 

6*22 " 

Bo. 

4— 13th Jan. 1924 
(10 days). 

83*73 

16*27 

2*27 

0*45 

4-96 

1*09 

7*50 

Bhusa 

0— 20th Bee. 1923 
(15 days). 

10*98 

89*02 

11*07 

0*43 

39*95 

1*73 

35*85 

Bo. . 

4— 13th Jan. 1924 
(10 days). 

12*83 

87*17 

9*63 

0*46 

40*32 

2*01 

i 

1 34*75 

Bo, 

23rd Jan. to 4th 
Feb. 1924 (13 

days). 

9*86 

90*14 

8*83 

0*40 

40*80 

1*67 

38*44 

Do, 

' 18— 29th Feb. 
-1924 (12 days). 

9*44 

90*56 

9*75 

0*44 

40*43 

1*91 

38*03 

Shisham 

Silage. 

Bo. 

72*10 

27*90 

5*09 

0*85 

8*22 

4*51 

9*43 

Bo. 

8— 17th Mar. 1924 
( 10 days). 

75*43 

24*57 

'4*48 

0*88 

7*39 

3*45 

8*38 


Bar son, Ifc is an oil seed crop and. is usually fed to cattle when young before the formation of 
seed. It is considered to be a good green fodder in winter. The green Sarson was analysed daily 
and the figures given are the averages of daily analyses don© during a period. 

Shisham .silage. Leaves of * Daibergia Sissoo ’ were gathered in the last week of June 1923 for 
siloing and were fed to the bulioeks from 5-II-24— r7"III“24, The figures given are also rue averages 
of the daily analyses. 

Wheat bhusa. Bhusa was analysed thrice during a period. The figures given for dilfercnt periods 
are the averages of these estimations. 




SOME DlGES'riBlLITY TRIALS ON iNDiAN FEEDING STUFFS, H. 


Table III. 


BJiusa and Sarson—contd. 


No. of 
bullock 


Feed consumed pee 

DAY IN liB. 


.Protein 
digested 
per clay 
in lb. 


Bhusa 


Sarson 

‘23'SO 


43-8 

38-5 

49-4 

43- S 

44- 0 


— 0-4 
f— 13-2 

— 11-6 

— 24-7 

— 54 

— 54 

— 4-4 

— 9-4 

— 4-4 

— 6-5 

— . 4-4 

— 54 


C--13th December 1923 (8 days). 
Green-Sarson and Bliusa. 


14-— 20th December 1923 (7 days), 
Green-Sarson and Bhusa. 


4 January 1924 <10 days). 
Green-Sarso i and Bhusa. 


j 1'] ’ ‘ Table IV. 

! I * 

J ; 1 Digestibility co-effwionts of Bhusa, 


Dry 

matter 


Period 


No, of 
bullock 


Ash 


Fat 


Pi’otein 


Nitrogen 

free 

extract 


38-05 

28- 37 

29- 40 
34-30 


—1047 

—16-17 

—30-74 

-17-22 


23rd January to 4th February 1924 
(IS days). 

Bhusa alone. 


47- 48 
49-90 

48- 34 

49- 75 


-44-75 

—27-90 

—30-00 

-40-86 


Mean 
daily 
nitrogen 
’ balance 
in grm. 


Table V. 
bliusa — contd. 




































Digestibility co-efficients of Bhnsa and STiisJiam silage. 


Period' 

No. of 
bullock 

Dry 

matter 

Ash 

Fat 

Crude 

fibre 

Protein 

Nitrogen 

.■'free'' 

extract ' 

„ , ... , ^ 

1 

45*10 

20*77 

38*25 

i 

51*02 

47*48 

49*20 

IS — 29th February 1924 (12 days), j 

2 

30*13 

—5*04 

29*08 

47*18 

32*70 

38*24 

Bhusa and Shisham silage. 1 

3 

44*60 

25*96 

38*81 

52*00 

44*55 

5X.*45 

( 


45*30 

15*65 

39*39 

63*60 

44*46 

48*58 


Table VII. 


« Bhusa, and Shisham silage— conid. 



No. of 
bullock 

FEED CONSCMED PER 
DAY IN LIS. 

Starch 
equi- 
valent 
per day 

Protein 
digested 
! per day 
in lb. 

Nutri- 

Mean 

daily 

Period 

Bhusa 

Green 

fodder 

Total 

dry 

matter 

tive 

ratio 1 : 

nitrogen 
balance 
in grm. 

- - ..V , r 

X 

6*26 

Shisham 

silage 

24*00 

12*36 

3*13 

0*57 

' 

1 8*4 

—8*0 

18—29tli February 1924(12 days). j 

2 

7*33 

14*02 

10*57 

■ 1*71 

0*26 

i 14*1 , 

—10^9 

Bhusa and Shisham silage. ’ 1 

3 

5*50 

23*94 

11*66 

2*56 

0*40 

9*4 

—12*3 

4 

9*11 

1 24*00 

14*95 

3*7S 

0*56 

10*8 

—5*8 


Table VIII. 


^ w 

i 


f 


Digestibility co-efficients of ShisJwm silage. 


Period 

No. of 
bullock 

Bry 

matter 

Ash 

■ . . i 

Fat 

Crude 

fibre 

1 Protein 

Nitrogen 

free 

extarct 

( 

1 

38*83 

13*05 

31*23 

37*43 

" ■ 53*54 

48*71 

8 -17th March 1924 (10 days), j 

■2 

28*20 

—19*40 

25*30 

27*09 

47*17 

46*78 

Shisham silage alone. 1 

3 

38*88 

5*55 

20*20 

36*37 

52*55 

54*39 


4 

38-99 

1 15*50 

26*53 

35*10 

53*90 

50*26 


Table IX; 


SJdshcmi silage — contd. 


Period. 


8Ui to 17th Man’ll 1»24 (10 days 
Sliisham silage alone. 


1 


No. of 
bullock 


Feed consumed per 

DAV IN LIJ. 


Bhusa 


Green 

fodder 


Shisham 

silage 

27-06 

22-44 

27*76 


Total 

dry 

matter 


6*55 

5*52 

6*82 

6*51 


Starch 
equi- 
valents 
per day 


1*75 

1*17 

1*89 

1*69 


Protein 
digested 
per day 
in ib. 


0*50 

0*30 

0*50 

0*49 


Nutri- 
tive 
rati> 1: 


4*1 

3- 9 

4- 3 
3-9 


Mean 
daily 
Nitrogen 
balance 
in grm. 


— 44'S- 
—37-0 

— 39*9 


■I 










26 50 












SOME DIGESTIBILITY TRIALS ON INDIAN FEEDING STUFFS, II. 


Table X 


Composition of the ashes ofSa/i'son and Shislumi si^ 


Peroehtace m Ash 


Sarson 


Sliisliam silage 


Daily ash in talce in Sarson and Shi sham silage. 


QrrANTITIES EATEN PEE BAT IN GEM. 


0reen Sarson 
Shisham silage 


Analysis of the mines. Feed : Sarson green and Blinsa. Animal III. Period ; Otii December 
1923 to 13th December 1923, 


Analytical composition in terms of grni\ of nitrogen 


Alkali- 
nity, 
C. C. 
H/10 
acid for 
100 c.c. 
mine 


Ammo- 
nia and 
amino 
add 


Snm of 
different 
consti- 
tnents i 


Total 
(Kje!> „ 
dabfs 
metiiod) 


Volume Density 
in C.C. ateO^F. 


Crea- 

tinine 


6tli December 1923 


Feed 
eaten 
per day 
in Ib. 

Asb per 
cent, on 
feed 

23-45 

23-98 

2*27 

4*48 


In sol ; 
in dil ; 
HOI 

^^20*3 

AI 2 O 3 

CaO 

MgO 

Na^O 

K 2 O 

So, 

32-59 

2-50 

18-50 

4-22 

3-91 

14-70 

2*41 

20-41 

4-13 

30-20 

5-72 

0-99 

9-60 

1-41 


LAND3SE AND DHAEMANI 

Table XIL 
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Analysis of tlxo urines. Feed : Sarson green and Blinsa. Animal IH. Period : 14tli Becem- 
lior 1923 to 20tli December 1923. 

Analytical composition in terms of grm. of nitrogen. 


Bate 

Volume 
in C, C. 

Density 

at 

[60 F. 

AlkaU- 

N/IO 
acid for 
ICO c.c. 
urine 

Ammo- 
nia and 
amino 
acid 

Urea 

Creati- 

nine 

Stim of 
different 
consti- 
tuents 

Total 

dahTs 

method) 

14tli December 1923 



4040 

1045 


0-65 

6*65 

2-04 

8-34 

17-90 

15tli ,i 



. 

3730 

1045 

14-00 

0-84 

7-43 

3*39 

11-66 

18-20 

16th „ 

»» 


. 

4680 

1 1042 


1-11 

9-36 

■ 4-01 

14-48 

20-50 

17th „ 

99 • 



4200 

1044 

13-20 

1-03 

9-16 

2-15 

12-34 

19-50 

18th 

99 * 

. 

. 

4440 

1043 

17-60 

1-24 

9-06 

3-93 

14-23 

14-60 

19th 

99 * 


. 

4020 

1044 

14-40 

0-88 

6-31 

3-10 

10-29 


20th „ 

99 • 




1045 

13-20 

1-05 

7-03 

2-66 

10-74 

11-20 


Table XIIL 

Analysis of the urines. Feed : Green Sarson and Bhiisa. Animal III. Period : 5t|i 
to 14th fJanuary 1924. 



































-2 SOME DlGESTIBiLITY TKTABS ON XNOIAN FEEDING STUFFS, IL 

Table XIV. : ' ' 

Analysis of tiio urines. Feed : Bhusa. Animal III, Period : 23rd January 1924 to 4tli 

F’ebruary 1924. 

Analytical composition in terms of grm. of nitrogen.. 


SJlrd Janniiry 1924 
‘24t.b „ 

2«>tb 

20th « „ 

27tli ■ » 

2Sth „ 

29th 

30th ,, >, 

31st „ 

l55t Felvniary 1924 
2iid ,, » 

Srd „ „ 

4th „ TO 



* Urine acidic c. c, N-10 alhali for 100 c. c. mine. 


Table XV. " ' ' 

Analysis of the urines. Feed: Sliisliam silage and Blmsa. Animal III. Periods 19tli Feb- 
ruary 1924 to 1st Mareli 1924. 

Analytical composition in terms of grrn. of nitrogen^ 



Sulphates AS' 

1 

■ , S03 . 

i; 
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Table XVL . 

Analysis of the iirines. Feed; Shisham silage only. Animal 111. Period; Sth to .I7th 

March 1924. 


Analytical Gonvposition in terms of grm, of nitrogen. 


Bate 

cJ 

'.S 

S' 

1 

8 

*g 

s 

p 

Alkalinity, c. e. N-10 
acid for 100 c. c. urine 

Ammonia and amino 
acid 

Urea 

Brie acid 

$ 

!§ 

a 

a> 

O 

.'2 

*o 

CS 

a 

’iU 

ft 

ft 

, g 

1 

0 

1 

1 

5=! 

<3 

§3 

OQ 

«D 

a 

ft 

*3 

S 

g 

Sulphates as 

S 03 

Total 

Inorganic 

Ethereal 

Sth March 1924 


9200 

1031 

36-40 

16-10 

44-98 

0-54 

‘ 

2-94 


64-56 

78-.56 


0-92 

0-37 

9fch 

.. 


6200 

1031 

60-80 

11-40 


0-33 

2-64 

3-65 


55-74 

■ioCT 

0-62 

0-50 

10 th 

.. 


6200 

1036 

44-80 

11-60 

34-91 

0-42 

2-55 


49-48 

.54-00 i 

1-24 

0-50 

0-74 

llth 



7620 

1032 

40-00 

14-30 

46-41 

0-51 

3-27 


64-49* 

58-67 i 

1-52 

0-91 

0-61 

12 th 



8840 

1020 

46-00 

18-20 

44-20 

0-41 

2-91 

7-13 

72-85 

84-17 1 

1-92 

1-77 

0-15 

13th 



9890 

1027 

21-20 

13-60 

53-00 

0-34 

3-24 


70-18 

81-68 

1-97 

1-lS 

0-79 

14th 



8600 

1026 

28-80 

16-80 

43-87 

0-47 

5-07 


65.21 

72-94 

1-77 

1-21 

0-56 

15th 



5860 

1027 

68-40 

16-50 

23-09 

0-22 

1-87 


40- 6S 

50-52 

0-70 

0-70 


16th 



6340 

1026 

.51-60 

16-70 

30-01 

0-11 

1-85 


48-67 

54-85 

0-SS 

0-63 

0^5 

17 th 

99 99 


5920 

1031 

44-60 

10-40 

19-19 

0-12 

2-22 

3-51 

35-44 

55-17 

0-71 

0-47 

0-24 


* A discrepancy was found between the total nitrogen a^foand by the Kjeidahrs method and the addition of the 
individual nitrogen constituents. 


Table XVII. 

Analysis of the urines. Feed : Farm diet. Animal III. Period : 2 7fch March 1924 to 3rd 

Aprd 1924, 


Analytical composition in terms of grm. of nitrogen. 


Date 

Volume In c. c. 

Density at 60® F. 

Alkalinity, c. c. K-10 
acid for 100 c. c. urine. 

Ammonia and amino 
acid. 



Creatinine 

Hippuric acid 

Sum of different consti- 
tuents. 

os 

s 

1 

a> 

g 

0 

Sulphates 

S 03 

AS 

“o 

H 

0 

■■ CS 
tii 

, 1 

Ethereal 

27th March 1924 

6080 

1040 

20-00 

17-21 

31-44 

1-41 

2-37 


52-43 

54-49 

14-60 

8-.51 

6-00 

2Sth „ ,, 

5950 

1039 

25-70 

13-39 

30*88 

0-90 

1-92 


47-09 

tiO-33 

16-72 

10-59 

6-13 

29th „ 

6860 

1039 

56-00 


42-67 

0-95 

1-88 

8-73 


78-40 

20-38 

11-59 

8-79 

31st „ „ . 

6200 

1041 

38-00 

19‘-io 

65-64 

1-17 

1-46 


67-37 

73-60 

12-03 

5-'38 1 

6-65 

l3tApriI1924 . 

5800 

1042 

33-00 

21-70 

45-16 

, 1-50 

1-68 


70-04 

70-82 

10-79 

1-97 ■'■! 

8-82 

2nd „ „ 

4200 

1045 

39-50 

14-07 

16-17 

0-36 

0-80 


31-40 

47-29' 

7*35 ■■ 

.■'4-20/j 

3-15" "■ 

■3rd ■■■,' ,.»*.■■;■. , jj ■■ • 

4900 

10-10 

40-00 

16-80 

30-20 

0-50 

1-13 

5-46 

54-09 

57-24 

11-61 

:5-73-| 

5-88 

8th „ 

6340 

1035 

16-25 

1,5-53 

47-7.5 

0-62 

0-99 


04-89 

i 79-20 

8-62 

5-39 ; 

3-23* 

9th ,, „ 

5240 

1034 

12 -.50 

11-90 

45-90 

0-64 

1-44 


59-88 

1 73-50 

8-59 

3-20 i 

"6-3d* 

10th „ 

5060 

1033 

18-70 

10-42 

39-83 

0-38 

0-72 

4-97 

56-32 

, 62-24 

7-74 

: 4-20 

■•■3'-54*', 


* Corresponding figures for an animal not subjected to experiments. 
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!rHE EFFECT OF MANURING A CROP ON THE VEGETATIVE 
AND REPRODUCTIVE CAPACITY OP THE SEED. 

BY 

B. VISWA NATH, F.I.C., 

Offg. Govmimmt Agricultural Chemist, Coimbatore, 

ANB 

M. SXJEYANAHAYANA, B.Sa, 

Assistant to Qovermnent Agricultural Chemist, Coimbatore. 

(Eeceived for ]3Hblication oa the Util OetobBr, 1926,) 

Introductoiry. 

It is a matter of common knowledge that a crop is manured with a view to obtain 
increased yields and tliat manuring witk cattle manure is preferable to any other 
form of manuring, especially to manuring with mineral manure alone. 

It is, however, not generally known that manuring a crop and the nature of the 
manure have any influence on the resulting seed in regard to its capacity in the 
nutrition of its own seedling. The results of experiments described here throw 
Hght on this aspect of manuring. 

They show:*— 

1. that a manured crop gives a seed with better cropping value than a crop 

that has not been manured, 

2. that the seed from a crop manured with farm yard manure is superior to 

the seed obtained from a crop receiving mineral manure. 

The investigation originated from an accidental observation by one of us (B.V.N.) 
in September 1921, while testing the malting capacities of diflerent samples of cholam 
{Andropogon Sorghum) and ragi {Elemine coracana). These samples had to be 
tested for their diastatic value, 72 hours after being spread out in moist sand in 
pots. But as accident would have it, they could not be seen for about a month, 
during which time, the laboratory boy was watering the young seedlings. The 
striking differences in the growth of two sets of plants, were traced to the fact 
that they came from the seed raised from cattle manure and no manure plots of the 
Permanent Manurials. This observation, however interesting, had to lie over for 
the time being. 


( ) 
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i^FFlSOT OF MANORIHG A CKOF 


Meanwhile, Lieut. Colonel E. McCarrison, I.M.S.,in the course of his experi- 
mental determination of the nutritive and Vitaiiiin values of rices in coimnon use 
in India, ^ suspected that these values might possibly vary witli. soil conditions. 
At the suggestion of Dt. R. V, Norris, then Agricultural Chemist to the Madras 
Govermiieiit, nigi grown on the Permanent Manuiial Plots at the Central Farm, 
Coimbatore, was tested and it was found that the nutritive and Vitamin values of 
this grain varied with the manurial treatment of the soil.^ 

This finding gave a further stimulus to the investigation on plant nutrition. 

The material used in these experiments was obtained from the Permanent 
Manurial Plots at the Agricultural College and Research Institute, Coimbatore. 
These plots were laid out in September 1909 by the then Agricultural Chemist, 
Dr. W, H. Harrison. A detailed account of these plots and the results of intensive 
cropping during 13 years is given by Dr. E. V. Norris^. 

The plots are ten in number. Seven of these receive artificial manures Le., 
nitrogen, phosphoric acid, and potash alone or in combination, while two plots have 
been treated with cattle manure and one is not manured at all 
scheme of manuring is as below : — 


The general 


Plot 

1. (m) . 

2. m . 

3. (X-F-K) 

4. i^yP) 

5. (N-PK+P) 

6. (K-f P) 

7. {Iq . 

8. (P) . 

9. (C. M.) 

10. (0. M’. B.) 


Manure 

No Manure 
Nitrogen 

Nitrogen X^otash 
Nitrogen phis j>iiospbate. 

Nitrogen plus x^otash x>bosi)hatc. 

Potash plus x^liosi^hate. 

Potash. 

Phosx)hate. 

Catlile manure (continuous). 

Catfele manure (aiu^licatiou stoi)pod since 1916 and therefore 
residual). 


The nature and amounts of manures in use have been 


Ammonium sulx^hato 
potassium sulx)hatc 
Super x>hosphato . . . 

Cattle manure (a mixture of dung, 
urine and litter) 


1 cwt. i)er acre for nitrogen. 

1 cwt. per aero for x>otash. 

3 cwfc. x^er acre for x^hosj^hate. 
5 tons x^er aero. 


The plots have been under intensive cultivation from their inception with a view 
to emphasise the differential action of the manures. All crops, are grown under 
irrigation and cultural operations are done by hand. 46 crojis have been taken off 
the plots up to date. The crops usually grown are ragi {Eleusine coracana)^ cholam 


1 McOarrison, R. Ind. M&h Bes, Mem, No. 2, 192J. 

2 McOarrison, R. BflL Med, Jour, March 29, 1924. 

® Norris R. Y, Not© on the Permanent Manurial Plots, Coimbatore. Mem, Dept. Agri. India, 
Ohem, 8er„ YoL VI, No. 8. 
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{Andfopogon Sorghum), pani varagu {Pmicum miliaeeum), wheat {Triticum mlgare) 
and occasionally cotton and tobacco. 

It was with the seed, obtained from these differently manured plots, the experi- 
ments described below were carried out. To avoid lengthy description of the nature 
of the seed and the consequent confusion that may arise, the seeds from the different 
manurial plots are named after their respective plots. For example, 

Ho manure seed means seed from a crop that has not been- manured ; 

/‘' Mineral manure seed ’’ means seed from a crop manured with complete 
mineral manure, namely, N+K+P ; 

Cattle manure seed ” means seed from a crop manured with cattle manure. 


The cultural experiments were carried out in pots, small plots measuring four 
square feet in area and on the field. 

The object of the experiments being the study of the effect of manuring a crop 
on the seed as judged by the crop raised from it, the seeds from the different Per- 
manent Manurial Plots were sown in a soil of moderate fertilit} . It was not manured 
at least during the previous year. The analysis of the soil is given below : — 

Analysis of the soil used in the cultural experiments. 

Per cent. 


Nitrogen . . . . . . . . . . . ^ 0-039 

Total phosphoric acid (PoOs) 0*071 

Total potash (KgO) 0475 

Phosphoric acid (P 0 O 5 ) soluble in 1 joer cent, citric acid . . , . , 0*017 

Potash (IC 2 O) soluble in 1 per cent, citric acid 0*063 


In the case of pot and small plot culture experiments, the soil was prepared by 
passing it through a two mm. sieve and the portion that passed through the sieve 
was thoroughly mixed up and put into the pots. The packing of the soil in the pots 
was done with the utmost care to ensure, as far as possible, similar conditions of 
packing. Sowing was done liberally at first and when the seedlings were about a 
fortnight old they were thinned to the same number in all the pots. Watering was 
done as required and cultural operations were carried out with the utmost care. The 
experiments were replicated in every case. In the statement of results the total or 
average yields are recorded and where necessary individual results of replications 
are given. 

At the end of the experiment the crop was harvested, dried in air or at 100°C 
till constant in weight and the final weights of the produce recorded. 
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EFFECT OF MANXmiEG A CROP 


Experiment 1. 

Po^ 17tli Sep. to 16th Nov. 19^^^ experiment was carried 

out with the seed from the ten differently mannred plotSj the seed used being 
mgihom crop No. 38 from the Permanent Mammal Plots. The seed was sown 
in plots on 17th Sep. 1923 and harvested on 16th Nov. 1923. The experiment was 
done in duplicate and the pots were thinned down to three plants in each. The 
heights of plants were measured periodically. The results are reproduced in Table 
I (Plate I.) 

Table L 


Showing periodical measurements of heights in centimeters and yields of plants raised 
from seeds f rom the differently manured plots in grm. of dry matter produced. 


Seed from 

Heights of plants in cm. when 

Weight of 
dry matter 
produced in 
grm. 

28 days 
old 

35 days 
old 

44 days 
old‘ 

51 days 
old 

1. Ho manure plot . , 

134 

14-2 

210 

300 

0-2608 

2. H manure plot , . 

11-2 

12*7 

17‘7 

■ 230 

0-1703 

3. H~f K manure plot . . 

12*7 

14-3 

230 

264 

0*1749 

4. H-|- P manure plot . . ; 

15-0 

: 17-7 

37-7 

38-2 

0*5261 

5. H-f K-f-P manure plot , ; 

10-0 

20-3 

38-7 

43-7 

0*7219 

6. K-f P manure plot . . i 

160 

180 

31-7 

400 

1 04686 

7. Jv manure plot . . | 

150 

17-7 

350 

39-8 

! 0*6346 

8. P mamiro plot . . 

16-0 

18-7 

38*3 

420 

0*6562 

9 Cattle manure plot . . 

18-3 

210 

42-7 

,580 

■ 0*7469 

iO. Cattle manure (residual) . 

17*0 

190 

30-7 

' , ' 48,4 

,, '00411 


' Expebiment II. 

Fot mliures — 16th March to SOfh MaV 1924. — The second experiment was also 
with rag'f, but the seed used was from that obtained from crop No. 41 of the 
Permanent Manuriai Plots. In this experiment only six different treatments w^ere 
tested using seed from the no manure, N, N + K, N + P, N + K + Pj ^^nd cattle 
manure plots. This experiment lasted for 75 days from the 16th of March to 
30th May 1924. The pots were thinned down to 4 plants each. The plants were 
harvested individually and the dry weight of each plant recorded separatel}'. 



* ;',/j T"': 


'■ ^ '. ' ‘tt 
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Table H. 

Showing avatage heighis in cm. of ragi, plants at the time of harvest and weights of dri/ 

matter produced. 





Dry weight of plants in grammes 


Average 

per 

plant 


Cattle Manure 


Fig. 1. R(igi x>lants (crop 41) from tho scoci from plots receiving no mamire, N, H+K, N-f P, N-fK-pP 
0. M. (continuous) ; (from left to right). 

Expebisient III. 

Pot cultures — 11th March to 16th May 1924 . — Pani varagu — A third experiment 
was made on lines exactly similar to the second, the only difference being that the 
seed under test in this case was pani varagu crop No. 42 of the Permanent Manurial 
Plots. While the experiment was in progress the pots growing the “Cattle*^manure 
seed ” were accidentally broken. The plants were transferred to another pot but 
they died, after a few days. 




1 - 12 & 

1-457 

1-561 

1-756 

2-084 

2-563 

1-563 

1-625 

2-366 

1-559 

2-009 

2-516 

1-818 

1 - 8 C 0 

2-209 

1-900 

2-816 

2-967 
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Table III. 


Shoiving Jieiglts in cm. and dry matter in grm. of pani mragu plants {crop No. 42.) 


Nature of seed 

Heiglit in cm. 

Weight of dry matter in grm. 

No. . 

N, . . . .. . • ■ 

N-fK . ' . . 

N-fP " . • • • ' 

N4.K-f-P . .... : 

Cattle Manure . . . • , 

57*3 

79-0 

68*7 

■ 73*3 i 

77*2 i 

Pots accidentally broke 

1*35 

2*44 

2*10 

1*90 

2*60 

:n during the experiment. 


It \dll Tbe seen that the effect of manurial treatment given to the parent crop 
persisted in the seed and rvas manifested when the seed was germinated and allowed 
to arow into a crop. The amount of dry matter obtained from the growth of 
“Cattle manure seed” was the largest, that from “ Iffineral manure seed” came 

next and that from the “ No manure seed ” was the least. The dry matter pro- 
duced from seed from plots receiving partial combinations of manures varied ac- 
cording to the manurial treatment given to the parent crop. The crop &om seed 
from plots receiving phosphate alone or phosphate in combination with mtrogen or 
potash was greater than the crop obtained from seed from plot receivii^ mtrogen 

and potash in combination (Table I). . , m . 

Dr. Norris’', while discussing the results from the Permanent Manmial Plote 
at Coimbatore, has drawn attention to the fact that phosphate is the chief limiting 
factor in crop yields. This factor seems to operate through the seed on to the 

succeeding crop as well. , t t .-i 

It -will avoid confusion and will help towards a clear understanding of the main 

issue if only three cases, namely “ No manure seed,” “ Mineral manure seed, 

and “ Cattle manure seed ” are considered. 

Table I¥. 

Showing percentage increases over “ No manure .seed” crop, of (hose from Mineral 
' manure seed ” and “ Gatde nmnure .seed.” 


Per cent- increase over crop from manure seed” 


Crop from 

Bagi crop 38 

Bagi crop 41 

PaTii varagn crop 42 

** No manure seed ” 

Mineral manure seed ” 

Cattle manure seed ” . 

1770 

ISS-.'J 

43*2 

73*2 

92*6 

Pigure not available. 


iNorrjs B. Y. Xoc, Oif^ 
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It will be seen tbat in the case of crops 38 and 41, the application of com- 
plete mineral mannre to the parent crop produced a seed which on being sown gave 
177 per cent, and 43*2 per cent, increase respectively over that from No manure 
seed ” in the second generation crop and that the application of cattle manure to the 
parent crop produced a seed wMcli gave an increase of 188*5 per cent, and 73*2 
per cent, of crop respectively over that from the No manure seed.’’. Similarly, 
pani vamgu seed from the complete mineral manure plot gave 92*6 per cent, increase 
of crop over that from No manure seed.” As for pani mragu seed from the cattle 
manure plot, unfortunately, no figures are available as the plants were accidentally 
lost while the experiment was in progress. 

The results of the three experiments having shown that, both from the point 
of view of growth and yield of dry matter, the effect of manurial treatment given 
to a crop persists in the seed and exhibits itself in the next generation, the next 
point for consideration is whether the observed increases in the yield are statistically 
significant. Table d gives figures for the individual plant yield, of crops from 
Cattle manure seed ” and No manure seed ” relating to the second experiment 
(Table II) and the standard deviations worked out by Student’s as well as by Bessel’s 
method. The statistical significance is in favour of the view^ that the increases are 
not due to mere chance but to the effect left in the seed of the treatment given to 
the parent crop. 

Table V< 


Showing the mr-dry weigTits of individual mgi plants. 


■ ■ ■ , ' ■ ■ ' ' ' . ' ■' 

• 

Plant No. 

Weights or 

mDWXDTJAL PLANTS 

BAISED EEOM 

“ Cattle manure 
seed ” grams 

Mineral maunre 
seed ” grams 

“ Ho manure 
seed ” grams 

3 . . . 

1-90 

1-82 

1-14 

2 . . . 

2*82 

1*86 

1-46 

3 

2*97 

2*21 

1-55 

^ A'';" ' 

3-M 

2-72 

i-94 


4*10 

2-79 

2-12 

'■■■■ - 

4*12 

3-14 

' ; -"'2-47. 

7 .... 

5*12 

3-44 


Total 

24-17 

17-98 


Aveeage 

3-45 

2-57 

1-99 
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Statistical significance of yidds by Student’s Method :- 

Odds in favour of “ Cattle manure seed ” plants over ' 

^ 1 I • Mean of differences I'46 „ ^ /r 

are overwiiemiiiiff, as-^i — 

Standard deviation 0*39 


No manure seed plants 


Odds in favour of Mineral manure seed” plants over No manure seed’ 


r . on o T mean oi amerences 

plants are 39 2:1 as--—-— 


”0*5o" 


=Z=.1*G5 


Statistical significance of yields by BesseVs Method : — 

^Fhe standard deviation of the weight of any individual plant raised from *‘Cattie 
manure seed ” from its mean . , . . . . * . . . 

The standard deviation of the weight of any individual plant raised from “ Ho 
manure seed ” from its mean . . . . . . . . . . 


107 

0*72 


The standard deviation of— 

difference of the weight of ** Cattle manure ) j,. C difference of the weight of “Ho manure 

seed plant from its mean 5 I seed *’ plant from its mean. 

=/{X-07)H(0*72)® 

V ■ V 

« 0*47 

The average weight of “ Cattle manure 7 The average weight of “ Ho =1*46 

seed plant manure seed ” plant 

■ 

A quotient of 2*1 is enough to prove the statistical significance of the results. 
So far only the amount vegetative growth has been considered. The next 
step in the investigation was to see whether this peculiar effect continued till the 
crop ripened and contributed to increase the grain yield in the next generation. 

Expebtmeht IV. 

Pot mltures 18th Nov. 1924 to 5th Web. 1925,— Pani mragu Crop No.42 from the 
Permanent Mammal Plots was the grain used in this experiment. About a 
hundred seed*s were sown in each pot, 16 inches in diameter. When the seedlings 
were a few days old they were thinned down to 16 plants in each pot. The 
results are given in the Table below. 

■ " Table VI. 


Shoiving yields of ear heads and stmw from pani mragu seeds of crop No, 42^ 


Crop from 

1 

Xo.o{ 

plants 

Weight of 
ear heads ; 
in gnu. 

Weight of ! 
.straw in i 
. gnu, . 

Total dry 
matter in. 
gm.. 

Calculated 
yield of 
ear heads 
per 100 
plants 

Per cent 
Increase 
over “ N > 
manure 
seed ” 

Bianure seed*' . . . 

; ' 40. 

5*13 

"2*78'' 


17-7 

... 

Mineral manure seed'* . 

48 

5*74 

2-S9 

8-63 

23-5 

32-8 

Cattle manure seed " 

42 

6*30 

2-06 

9-26 

350 

100' 7 
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The seed from the complete mineral maunre plot and the cattle manure plot 
gave 32-8 per cent, and 100’7 per cent, increase respectively on the weights of ear- 
hea<Js over the crop raised from the seed from the no mannre plot, 

Experiment V. 

Cultures in small flats :—August-N ovemher 1925, In the experiments so far 
considered the plants Pere grown in pots in the pot culture house. Pot cultures, 
however carefully planned and carried out, are too artificial to stand comparison 
with natural conditions of plant growth and therefore cannot admit of generalisa- 
tions. A negative result in a pot culture test may very often prove to he so in any 
other form of test, hut a positive result in a pot test need not necessarily mean 
it would he confirmed under other conditions of experiment. In tliis experiment, 
therefore, the disabilities of pot cultures were reduced to a minimum hy growing 
plants in small plots 4 square feet in area. Twelve pits measuring 2' x2' x 1' each 
were dug in the ground. The pits were filled with the ^experimental soil which 
was passed through a 2 mm. sieve and thoroughly mixed hefore it was put 
into the pits, hfo manuring was done. The analysis of the soil is given 
helow. 


Per cent. 

Nitrogen . . . . . . . . . - . . ^ 0*059 

Phosplioric acid soluble in 1 per cent, citric acid (P 2 O 5 ) . . . . . 0*028 

Potasb soluble in 1 per cent, citric acid (KgO) . . . . , . . 0*032 


The plots were sown with one hundred seeds each of Crop No. 41, from 
No manure^ Mineral manure and Cattle manure There were thus 

four plots for the seed from each treatment. The plots were sown thickly, 
the object being to give ample opportunity for the inherent capacity of the seed 
to extract food materials from the soil. Differences in the heights of plants as 
in the case of pot culture experiments were noticed, but they were not so great as 
in pot cultures. The plants from the No manure seed ’’ were the first to put 
forth ear-heads. Next came those from the mineral manure seed ” and the last to 
put forth ear-heads were those grown from the Cattle manure seed.’" It was 
originally arranged to allow the ear-heads to ripen and then harvest straw and 
grain separately. There was, however, a risk of damage from birds and squirrels 
and so the plots 'were harvested although many ear-heads of the plants from the 
Cattle manure seed ” did not fully develop and ripen. Care was, however, taken 
to collect the ear-heads and straw separately. The plants at the edges of the 
plots were not included in the harvest. The plants were dried in the sun till cor*- 
stant in weight and the results are given below^ 
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Table VII. 


Slmoing yields of ragi straw and ear-heads from plots sown iviih “ No manure 
seed,” “ Mineral manure seed ” and “ Cattle manure seed. 


I^xim’ber of j>lot 


Total vveiglit 


3 

4 ' ■ . ■ . 

Total 

Avkeage pee plant 

1 

2 . . - • • 

3 . • • • * 

4 < • • • • 

Total 

Avebage pee plant 

Percentage increase over “.N'o 
m ant? re seed plants. 

1 . • 

"2 • • ■ • * ■ ■ ■ * 

3 • • • • * 

■ 'A' ‘ ■ ■■■• 

Total 

AVEEAGE PEE PLANT 


Number of 
plants 

Number of 
ear-beads 

Weight of 
ear-beads 

Weight of 
straw 

of straw 
and ear- 
beads 

Plots growir 

g “ No manure seeclN 





grm. 

grin. 

grm. 

60 

12 

2*56 

33-0 

35*55 

48 

25 

1740 

73-0 

90*40 

64 

49 

9*76 

.89-5 

99*25 

24 

10 

440 

52-0 

56*40 

196 

96 

34*10 

247-5 

281-60 



. . 

. . 

1-44 

Plots growing Mineral 

mmmre seed 

)» 


40 

21 

18*35 

89-00 

107-35 

68 

24 

9*85 

94-00 

103-86 

70 

37 

8-12 

78-00 

86-12 

60 

33 

22*60 

128-60 

161-10 

218 

115 

.58-92 

389-60 

448-42 





2-06 

• « 



... 

43-05 

Plots groi 

uing Cattle 

manure seed. 

5> 


36 

17 

10-62 

02-00 

72-02 

46 

24 

19-20 

130-50 

149-70 

02 

44 

21*30 

109-00 

130-30 

51 

30 

7*20 

72-00 

79-20 

195 

115 

58-32 

373-50 

431*82 


2*21 

53-47 
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Tlie statistical significance of the total yields of straw and ear~lieads by the 
Student’s method is worked out below : — 


Crop from “ Gattle manure seed 
' , A, 

Crop from 
‘‘No Manure 
seed ” 

B. 

■ 

' (a-b)= 

72*62 

35-55 

37-07 

1374-2 

149-70 

90-40 

59-30 

3516-5 

130-30 

99-25 

31-05 

967-2 

79-20 

56-40 

22-80 

519-8 

Mean difference 37-56 

- — = 2-77 ; odds=116/l. 
iSfcandard deviation 13-57 


150-22 

6377-7 

! ■ ' ' ■ 
h' 


The odds in this experiment are 116:1 in favour of increase of crop from the 
‘‘ Cattle manure seed ” over that from the No manure seed.’’ 

All the plants from each of the four plots were mixed up. There were thus three 
lots of plants for the tliree kinds of seeds. Eandom samples in lots of 5 each were 
drawn and weighed and the significance of these was worked out by Bessel’s formula 
as shown below 

Table VIII. 


Showing weights of ^giants in lots of 5 meh taken at random. 


“ No manure seed ” 

“ Cattle manure seed ” 

Mineral manure seed ” 

g-06 

6-75 { 

7-18 

4-80 

4*25 

8-05 

5-45 

7-85 

12-40 

' 2-32 

6-40 

11-95 

6-90 

6-25 

7-05 

10-35 

10-30 

„ , '9-75:,: 

7-40 

13-15 

6-95 

■ ■ ' 

” 7-75 

10-18 

4-68 

6-92 

' 14-98 

6-42 
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Showing weights of pUnts in lots of S ea^ tAm M 


“ No ma,iiure seed ' 


6-18 

3*90 

4*52 

4*85 

4*02 

5*48 

6*65 

3*65 

5*C2 

3*05 

8*82 

5*98 

6*12 

4*22 

5*10 

20*80 

6*15 

3*78 


Cattle manure seed’' 

10-25 

13*78 

15*50 

5*60 

11*95 

6*50 

17*62 

3*85 

7*68 

7*80 

■5*75 

6*65 

4*15 

5*72 

5*15 

8*60 

6*32 

7*25 

7*12 

3*98 


Ayesage 5*88 

Per cent, increase over " No manure seed 


8*29 

40*9 


Standard deviation of the -weight of any lot of 5 plants raised 
from **CattIo manure seed ” • ♦ * 

Standard deviation of the weight of any lot of 5 plants raised from 
“ No manure seed ** 


* Mineral manure seed 

6*00 

'8*72 

10*78 

,'4*38^ ■■■■,.■• 

3*92 

6*45 

3*50 

4*32 

3*95 

4*01 

3*45 

2*98 

5*40 

3*25 

9*10 

8*92 

11*85 

19*20 

11-25 

8*20 

5-15 

11-10 

4-45 

7-34 

2*48 

0*096 
. 0*404 
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Oriie standard deviation of— 

difference of the -weight of any indi-viduan 
lot of 5 ‘‘Cattle manure seed ” plants >minus 
from its mean J 

The average weight of a lot of 5 “Cattle 7 . 

: anureieed” plants 


difference of the weight of any 
individual lot of 5 “ No manure 
seed ” plants from its mean 
The average weight* of a lot of 5 
“ No manure seed ” jdants 

241 
0*805 


=0*805 


=2*41 


=2*99 


Therefore the results are statistically significant. 

Here again it is shown that the increase of crop from “ Cattle manure seed ” 
over that from “ No manure seed ” or “ Mineral manure seed ” was not accidental 
but was due to the inherent capacity of the seed. 


Expeeiment VT. 

This experiment was carried out in small plots as before with wheat, Crop 
No. 45 from the Permanent Manurial Plots. The methods of experiment were the 
same as in the case of the previous one with ragi, the only modification being 
that the different seeds were sown in adjacent lines in each plot instead of assign- 
ing a single plot for each kind of seed. The results are shown below 



Plants eaised feom 

“ Cattle manure 
seed ” 

“ Mineral manure ^ 
seed ” 

“ No manure 
seed ” 

No. of plants . . . . 

28 

■ ■, 42 ; ,1 

25 

Total weight of plants in grammes . 

85*92 

91*41 

48*90 

Average weight of one plant in grammes . 

3*07 

2*18 

1*96 


It will be seen that here again the “ Cattle manure wheat ” was distinctly 
superior to the “ No manure wheat but in contradistinction to the results with 
millets, raffi and pamvaroffu, the increase of crop from “Mineral manure seed” 
over that of “ No manure seed ” was not significant at all. 

Expeeimbnt VII. 

EieW scale Experiment with wheat Crop No. 46 from the Pernmnent Manurial 
Plots — 26-IX-1926 to 5 III -1926. The results of experiments in small plots having 
confirmed those in pots, an experiment was carried out with wheat on the field scale 
in F. No. 64 Central Experiment Station on a small plot measuring 38-6 feet by 
40 feet. We are indebted to Mr. Sa-a-dat UUah Khan, the Superintendent, for 
affording facilities for the experiment. The crop was grown in lines, the arrange- 
ment being in tbe order, “ No manure,” “ Mineral manure ” and “ Cattle manure ” 
seeds. These were repeated nine times. At the time of harvest, the end rows were 
rejected and only the interior rows were harvested* A complete statement of the 
results obtained and their statistical significance will be found in Table IX. 
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■Table IX. ; ■ 

Showing results of line harvests of wheat in F, No. 64. 


Humber of plants 
per line 

Total weight of cro|) 

' 

j Total weight of grain 

Weight of grain per 
plant 

PIA.NTS EAISED FEOM 

“No M anuee seed ” 



grm. 

grm. 

grm. 

33 

582*5 

191*5 

'.,5*8 . . .. 

42 " 

1084-5 

337*0 

8*0 

30 

1139*5 

353*5 

' 11*8 

42 

835*5 

310*0 

7*4 

34 

569*0 

203*5 

6*0 

38 

858*0 

302*5 

7*9 

33 

909*0 

349*5 

10*6 

Total 252 

5978*0 

2047*5 ■ 



Plants baisbd fbom “Minebal manuee seed 


U 

918*0 

312*5 

7*1 

38 

938*0 

320-0 

84 

41 

1246*5 

437*0 

10*7 

32 

631*0 

204*0 

64 

33 

537*5 

180*5 

;5-5;'... 

35 

846-5 

314*5 

9*0 

' 35, . ... 

711*5 

, ' "'270*5 : 

,■'■■ 8*7 ■''■■.■'■ ■ 

i ; 

Total 254 

5829-0 

2039*0 ■ 



Plants EAiSED feom “ Cattle mandre seed ’ 

) 

36 

1058-0 

370*0 

10*3 

38 

1326-5 

418-5 

11*0 

38 

1026*0 

371-0 

■ 9*8„„„ . ' 


926-0 

354*5 

"8*6^' "" 

37 

591*5 ; 

240-5 

• . 6*5','' 

43 ! 

1077-0 

401-5 

'9*3. 

37 

790*5 

273*5 


Total 290 

6795*5 

2429-5 ■ 



% inoraaso of grain from ** Cattle maiiure seed o ver manure seed * * 9*4 

% increase of grain from Cattle manure seed ” over Mineral manure seed’’ . . 12*7 
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Here it is again seen that Cattle manure seed ’’ was the best giving an increased 
yield of grain of 9*4 per cent, and 12 7 per cent, respectively over No manure seed'’ 
and '' Mineral manure seed.” Of the seven repetitions, the yields of grains from two 
lines in the case of No manure seed ” were higher than the corresponding lines of 
Cattle manure seed.” If the two abnormal values are cut out and their statis- 
tical significance worked, the odds in favour of increase of grain from '^Cattle 
manure seed ” are as 40 : 1. 

There was some shedding and bird damage which could not be estimated. If, 
however, the straw yields alone from the seven lines are considered, the increase of 
straw from “ Cattle manure seed” over “ No manure seed” is statistically signi- 
ficant. 

Here again it will be noticed, unlike the case of millets, mgi or panivaragii, 
the yield of grain and straw from the “ Mineral manure seed ” was not more but 
even lower than that from the “ No manure seed.” It may be that the effect of 
mineral manure on seed varies with crops. 

The discussion of the results of these experiments may be deferred till the, results 
of the experiments on the nutritive values of the grains for animals are considered. 

IL Experimeats on animal nutrition. 

and wheat grains from the same crop as used in the vegetation experi- 
ments mentioned in Part I of this paper were, submitted to Lieut. Col. R. 
McCarrison who made an independent but complemental study of their nutritive 
and Vitamin values. 

His experiments with millet were carried out in 1923, the results of which 
were published in BriUsh Medical Journal^. The results of his experiments 
with wheat carried out in 1926-1926 are being published separately. We are 
indebted to him for permission to refer to them here and to reproduce some of his 
charts. For full details tlie original papers should be consulted. 


Nutrition tests with millet (raoi) — Crop No, v38 fr,om tee Permanent 

Manurial Plots. 

The object of the experiments was to ascertain the relative effect of “ No 
manure, ” “ Mineral manure ” and “ Cattle manure ” ragi in preventing loss of 
weight in pigeons when fed oh a basal diet consisting of rice with a deficiency of 
Vitamin B, suitable protein and inorganic salts. Adult pigeons in groups of 6 
each were used. The experiment was continued to the death of all birds from 

^ McCarrison, R. Brit Med. Jour, March 29, 1924. 

^McCarrison, indiau Jour, Med. October }92(>. 



100 


EFFECT OF MAl^UBING A CEOP 


polymuriiis or other causes. The results are graphically shown in Fig. 2, Chart 
A, where for the sake of clearness the weight curves are represented by straight 
'lines. 


Oav^s of* t;xpei.iTitnfint 


eo to 6o 



Du.vf- U<'oUt 'JVo(>> Pol'j, neuritifi 
!_o fo . JO .go . 



Chart A. 


Chart B. 


Fig. 2. Showing the of nutritional tests with millet from the dift’erciit manured plots (by 

courtesy of Lieut.-Col. R. McCarrison). 

Figines for the different groups shoAving the loss of weight and days within which 
death occurred are given beloAV in a concise form. 


Nature of group i 

Average jjer cent. h»ss <»f 
initial body weight in 

days i 

Average period in 
which death occurred 

Croups receiving Basal diet only 


Days 

Zl"! 

51 

Group receiving Basal diet plus “ Cattle 
inaniiro raf/f.” 

224 

1, 92 

Group receiving Basal diet plus “ JMineral 
manure ragiJ'^ 

S74 

j 

90 

Group receiving Basal diet plus “ No manure 
ragiy 

40*9 

48 


lOi 

The addition of "’ Cattle manure ragi ^^ to the basal diet considerably lowered the 
loss in body weight and increased the average period in which the death of the pigeons 
occurred. The addition of ''Mineral maiim'e ragi '' to the basal diet did not diminish 
the loss in weight but considerably delayed the approach of death, In distinct 
contrast to the two above, the addition of " No manui'e ragi ’’ to the basa! diet 
resulted in an increase in the loss of body weight and shortening of the period within 
which the pigeons died. Thus ragi horn the No manure plot was found not only 
inferior to " Cattle manure ” and "Mineral manure ” mgis in its nutritive value 
but was actually toxic. Taking percentage loss in weight as the basis, the different 
mgis may be assigned the following numerical values of merit. 

“ Cattle manure ragi ” is superior to “ I^o manure ragi ” . . by 18*5 per cent* 

“ Cattle manure ” is superior to “ Mineral manure m;// ” . by 15‘C) „ „ 

“ Mineral manure myi ” is superior to “ Mo manure mji ” . . by 3*5 „ „ 

The superiority of " Cattle manure ragi’^ is further established by the fact that 
the loss in the body weight of individual pigeons receiving this grain varied between 
8*4 per cent, and 33*3 per cent., whereas in the case of the pigeons receiving 
'' Mineral manure ragi ” the loss ranged from 28*6 to 47*1 per cent. 

Chart B in Fig. 2 represents the results of experiments of further tests on the 
relative Vitamin B values of " Cattle manure ragi '' and " Mineral manure ragV^ 

" No manure ragi could not be tested as its supply was exhausted. The control 
group receiving basal diet only died oi polyneuritis in from 13 to 25 days with an 
average of, 21 days. Those of the group receiving basal diet plus " Mineral manure 
ragi died of polyneuritis in periods ranging from 14 to 54 days with an average of 
33 days, while one died from other causes. In the group receiving basal diet plus 
" Cattle manure ragi ” two died from other causes and four died from polyneuritis 
in periods ranging from 44 to 54 days with an average of 50 days. 

The " Cattle manure ragi ’’ was thus shown to be richer in Vitamin B than the 
" Mineral manure ragi ’’ since an equal amount of it delayed for a longer time 
the onset of polyneuritis in an equal aggregate weight of pigeon. 

It should be noted that the relative merits of the three ragis, as revealed by the 
nutritional experiments just considered, were in the same order as was found in the 
vegetation tests. That is, so far as ragi was concerned, the effect of manurial 
treatment on the seed was similar in regard to its value in plant and animal nutri- 
tion. This remarkable agreement between plant and animal experiments is worthy 
of note. 

Expebimewts with wheat — Crop No. 45. 

In this study young albino rats were used. " No manure wheat/’ Mineral 
manure wheat ” and " Cattle manure wheat ” from Crop No. 45 (Permanent 
Manurial Plots) were the grains whose Vitamin values w^ere tested. The basal diet 
consisted of meat residue, purified starch, olive oil and salt mixture. Cod Liver 
oil as a source of Vitamin A and marmite as a source of Vitamin B were added sepa- 
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rately or together as required. The results of the experiments are shown graphically 
in Pigs. 3 to 7. 


I 
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It will, be seen from Figure 3 tliat on the basal diet which was very deficient in. 
Vitamin B, the rats grew for a period of only 14 days. Thereafter they lost weight 
rapidly, developed polyneurUis and all of them died within 60 days. 

The group of rats on basal diet plus Cod Liver oil was not free from polyneimtis. 
The initial period of growth was somewhat prolonged, but later on tte body 
weight fell rapidly. Four animals developed polyneuritis between the forty- 
eighth and fifty-sixth days of the experiment and finally 3 of them died. Two rats 
survivedfor 72 days without the appearance ot p^oly neuritis. 

Thus, the basal diet, whether with or without the addition of Cod Liver oil, 
did not suffice for growth or for the maintenance of life. 

The addition to the basal diet of Cod Liver oil and inarmite resulted in much 
better growth of animals and in complete protection from polymimtis. The 
animals remained in apparently perfect health throughout the experimental period. 

Tile substitution of Cod Liver oil and .inarmite by wheat as the sole source of 
Vitamins A and B resulted in as good as, and even slightly better growth than with 
Cod Liver oil and marmite. IV'hole wheat is, therefore, a rich source of growth 
promoting factors. It will, however, be noted that '' Cattle manure wheat was 
distinctly superior to Mineral manure wheat ” by about 10 to 17 per cent, in this 
respect. 
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The Charts in Figures 4, 5 and 6 represent the results of further experiment 
to test the s^eneral statement that wheat is deficient in Vitamin A. 
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Fig. 4. Siiowiiig tiae effect of adciition of Cod Liver oil in. improving the nutritive value of “ Chemical 
manure wheat ” (by courtesy of Lt.-CoL R. McCarrison). 

The addition of Cod Liver oil to the diet containing Basal diet plus Chemica 1 
manure wheat’’ increased its nutritive value by about lO^to 15 per cent, and caused 
the growth curve for this diet to approximate closely to that of Basal diet plus 
Cattie manure wheat.” (Figure 4). It is obvious that the Cod Liver oil contri^ 
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bated the necessary growth promoting substances which are apparenlily lacking in 
the Mineral maiiure wheat but present in Cattle manure wheat/’ Of the 
growtli promoting substances contributed by Cod Liver oil, Vitamin A is perhaps 
the chief one, though slight amounts of Vitamin B and manganese are also present. 

Mineral manure wheat” was, therefore, deficient in certain factors supplied by 
either'' Cattle manure wheat ” or Cod Liver oil. 




5*- Showing the effect of Cod Livey oiJ.in improvingc the-nutritive value of “ No manure wheat ” 
(by courtesy of Lt.rCol. , Jl. JflcCarrison), 


106 




EFFECT OF M^INUKING A CKOF 


111 figure S *are shown the results of the addition of Cod Liver oil to the diet 
containing basal diet plus “ No manure wheat.” Here again the beneficial effect 
of Cod Liver oil is visible in improving the value of “No manure wheat ” and 
bringing it to or slightly higher than the level of “ Cattle manu :e wheat.” It may 
therefore be stated that “No manure wheat” was lacking n certain growth promo- 
ting substances contained in “ Cattle manure wheat ” and Cod Liver oil. 
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There reiiiains Cattle manure wheat ’’ to be tested. Figure 8 shows that the 
addition of Cod Liver oil to a diet containing basal diet plus Cattle manure wheat’^ 
made little or no difference. It, may therefore, be assumed that Cattle manure 
wheat ’’ supplemented the basal diet with those factors which the Cod Liver oil 
did. 

It is, therefore, justifiable to conclude that No manure wheat ’’ and Mineral 
manure wheat ’’ failed to supply what Cod Liver oil provided and that Cattle 
manure wffeat ” did provide it in an almost equal measure to Cod Liver oil. 

According to Lt.-Col. R, McCarrison, the results of these experiments, w^hile 
affording evidence that the Vitamin A content of wheat is influenced by the 
manurial treatment of the soil on wdiich the wheat is growm, afford no conclusive 
evidence of the effect of such manurial treatment on the Vitamin B value of 
wheat, although a comparison of the results observed would appear to indicate 
that Cattle manure wheat ” is richer in this factor than Chemical manure 
wheat.’’ The results furnished by the experiments with millet indicate that the 
Vitamin B value of this grain {ragi) is markedly influenced by the manurial 
treatment of the soil.” 

The relative nutritive values of the three wheats are shown in figure 7. 
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Cattle maBiire wheat ” stood fest with the highest value. Next in order came 
No manure wdieat ” and the Mineral manure wheat ’’ came last. The difference 
between Cattle manure wheat ’’ and No manure \vheat was about 6 per cent., 
while the difference between '^ Cattle manure wheat ” and Mineral manure wheat 
was about 20 per cent., the differences in both comparisons being in favour of ‘'Cattle 
manure wheat.” Here again, it should be noted, that the order of superiority is 
similar to that observed in the vegetation experiments with the wheats. 

III. Discussion of the results of plant experiments. 

The results of seven independent experiments with three different kinds of 
grains in pots, small plots and on the field scale show that the effect of manuring 
a crop persists, is reflected in the seed, and is visible in the vegetation derived from it. 

It will be of interest to examine the causes responsible for the differential 
behaviour of the seeds from the different manured plots. 

Judged from the usual analytical standards, the soil on w^hich the vegetation 
tests were conducted was sufficiently well supplied with available phosphoric acid 
and potash though rather poor in its nitrogen content. 

The first point that would strike one as being responsible for the observed differ- 
ences in the vegetative and reproductive capacity of the seed, is the weight of the 
seed and the consequent increase in the reserve material contained therein. The 
weight of seed and its composition are given in Table X. 

Table, X.. . 

Shotving weights of grains from the different manurial plots and their chemical composi- 

■ ■ , tion, 

* Cm-p No. 4:1 rag i. Crop No. 12 panivaragu. 


Xat«re of seed 

W eight of 
100 seeds 
in grm. 

1 .% Composition 

Weight of 
100 seeds 
in grm. 

0/ 

iO 

COMPOSITIOET 

X 

P.06 ! 

H 

o 

X 

P.O, 

EjO 

Xo manure . 

i' " ' 

0-2883 

1-166 

0-320 

0-378 

0-5162 

2*015 

0*457 

0-366 

Mineral iranuro . 

0-3199 

1-014 

0*324 

0-401 

0-6017 

■'1-676 ■■ 

0-792 

0-283 

Cattle manure 

: 0-3023 

1-180 

0-650 

0-482 

0-5699 

, ,1*710 

i 0-664 

, ,'.0-245,. 


The weights of Cattle manure seed ” and Mineral manure seed ” are 
greater than that of the '' No manure seed ”, but the weight of the '' Cattle 
manure seed ” which gave the largest yield of crop is less than that of the '' Mineral 
manure seed.” There does not, therefore, appear to be any relationship between 
weight of seed and crop yield. This observation is in accordance with the results 
of experiments is carried on by this department and elsewhere mth light and 
heavy seed. Again, the cheimcal analysis of the seed does not reveal any 
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.significant difiercnces except in tlieir phospln*ric acid content. The size of the 
seed is so small, and therefore, the amount of reserve food material is so insigni- 
ficant that the better growth and yield cannot he attributed entirely to this cause. 

The percentage composition of the resulting crop, the total quantity of manurial 
ingredients removed by it from the soil and calculated amount of manurial ingre- 
dients absorbed by one gramme of each of the different seeds are given in table XL 

Taele XL 

Showing yidds of dry maUer, analyses of crop, lolai pkinf food inyredienis removed from 
the soil, and the assimilation value due to the vigour of seedH froin (he differently 



Xo. Xature of seed 


“ the lid from the'" 

grrowVinpots 


Total fuioulated 
ndiieral matter re- 
moved by the crox^ 
from the soil iji 
the pot 


Calculated amounts 
of maniu’ial consti- 
tuents assimilated 
by the crop from 1 
gramme weight of 
seed after deduct- 
ing the amounts of 
X,Pa08 and K, O 
present in the seed 


;l JSo manure 
2 Hinoral leunure 


o ] Cattle manure 


1 Xo manure 

2 Hineral manure 
a Cattle luanuxe 



O,} X, O { 


p, on K, 0 


.0, E*0 


na{fi crop 1.1, 

U } 1-is'j j u-a05 I OdLU ) 0*10 


(unsidering the chemical composition of the resulting crop, it is seen that 
th(' Hccumulation of nitrogen, phosphoric acid aud ptfiasli, is, if anything, greater 
ill the c]‘op obtained from the ISTo manure seed.'' This indicates that the crop had 
not to suiler from deficiency of maiiiiriaJ. constituents but had apparently failed to 
assimilate them to the best advantage. Conseq uently, the amounts oJ; the more 
important manurial constituents which the plant could extract from the soil had 
fallen low. The figures for these will be found in the last column of Table XI. 

In discussing the nutritive values of the difierent manurial plots Lieut.* Col E. 
McCarrison^ dhects attention to the question of Vitamins and has shown that apart 
from the mineral content of the seed, there exists a relationship between Vitamin 
content and nutritive value. 

^ McCamson, B. hut. Jount, Med. Pcs., i ‘ctober irSC. 
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Attention lias been called to the striking similarity in the results of plant and 
animal nutrition expe.inients with the seeds from the differently manured plots. 
Even the growth curves for plants (Fig. 8) exhibit a close resemblance to those of 
animals (Figs. 3 to 7). 



Based on this similarity, it may be stated that the seed from a properly manured 
or correctly fed crop, as in the case of that from cattle manure plot, possessed 
more vitality and could, therefore, extract from the soil more food material and 
utilize it ; in the case of the seed from a crop that was insufficiently fed or fed on , 
artificial foods, as in the case of the “ No manure seed ” or “ Mineral manure seed,” 
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it was lacking in which would vitalise the young crop. This leads to the 

question of ‘‘ Auximones ’’ attention to which was first drawn by Bottomley ^ 
and later supported by Mockeridge Kosenheim ^ and others. Chief among the 
contributions are those of Bottomley and Mockeridge who investigated the subject of 

Auximones extensively and have stated that in the bacterial decomposition of 
organic substances in the soil, certain water-soluble substances named '' Auximones ” 
are produced, and that these auximones - which are of an organic nature are 
directly absorbed by plants and are essential for their growth just like Vitamins’’ 
for animals. Bottomley has shown from a microscopic examination that ‘'Auxi- 
mones” have a marked influence on the size and contents of the cell and 
especially on the neucleus. This theory has been contested in recent years. 
Among the principal contributions negativing the " Auxiinone ” theory are those 
of Clark ^^nd Clark and Koller ^ who, while admitting the beneficial action of 
organic matter in plant nutrition, deny that "Auximones ” are essential for the 
growth and reproduction of green plants and are not prepared to class "iluxiinones” 
with the Vitamins ” of animal nutrition. 

It is not proposed to enter here into a discussion on the subject whether " Auxi- 
mones ” are essential to plants as " Vitamins ” are to animals. It is perhaps difficult 
to obtain direct experimental proof where green plants are capable of manufacturing 
"Vitamins” by themselves. At present, we are chiefly concerned with the role of 
farmyard manure in particular, and of organic matter in general, in the nutrition 
of the plant, and through it, the animal in so far as they offer an explanation of the 
experimental facts in animal and plant nutrition. To this extent Vitamins ” 
and ^‘Auximones” will be considered. 

It is realised that the use of the words Vitamins” or "' Auximones ” would not 
be generally acceptable. They are used in this paper for the sake of brevity and 
intelligible expression of the arguments advanced and are intended to mean 
activating or vitalising agents and nothing more. 

^ Bottomley, W. B. The Bacterial Treatment of Peat. J. 8oc, Ark, 1014. The Signiticanee of 
Certain Food {Substances for Plant Growth. Ann, Bat,, 1914. Some Accessory Factors in Plant Growth 
and Nutrition. Proc. Roy, Soc, B. 1914. Some Effects of Organic Growth-promoting Substances 

Auximones ” on the Growth of Lemua minor in Mineral Culture Solutions. Proo. Roy. Soc. B. 1915-17. 
The Isolation from Peat of Certain Nucleic Acid Derivatives. Proc. Roy. Soc. B. 1917. A Bacterial 
Test for Plant Food Accessories (auximones), Proc. Roy. Boc. B. 1915-17, The Eifect of Nitrogen- 
fixing Organisms and Nucleic Acid Derivatives on Plant Grow'th. Proo. Roy. Soc. B. 1919. The Growth 
of Lemna Plants in Mineral Solutions and in their Natural Medium. Ann. Bot. 1920. The Effect 
of Organic Matter on the Growth of Various Water Plants in Culture Solution. Ann. Bot. 1920. 

- Mockeridge, F. A. Some Effects of Organic Growth-promoting Substances in the Soil Organkms 
concerned in the Nitrogen Cycle. Proc. Roy. Soc. B. 1917. The Occurrence and Nature of the Plant 
Growth-promoting Substances in Various Organic Manuriai Com] 7 osts. BiocJiem. Jour. 1920. The 
Occurrence of Nucleic Acid Derivatives in Nitrogen-fixing Bacteria. Biochein. Jour. 1920. Forma- 
tion of Plant Growth-promoting Substances by Slicro -organisms. Ann. Bot. 1924. 

3 Rosenheim, Otto. Accessory Factors for Plant Growth. Biockem. Jour. 1917. 

^ Clark, N. A. The Soil Organic Matter and Growth-promoting Accessory Substances, Ind. Eny. 
Chem. 1924. 

^ Clark, N. A., and Roller, E. M. " Auximones and the Growth of the Green Plant. Soil Science, 
1924. 
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IV* The role of Organic matter in plant nutrition. 

The indirect- effects of organic matter on plant growth, in improving the texture 
and the water holding capacity of the soil, and in forming food for soil bacteria, 
are well known. The direct effect has not received the attention it deserves owing 
perhaps to the difficulties involved in the conduct of experiments and the interpre- 
tation of the results. 

In recent years some work has been done on the subject. Livingston,^ Bottom- 
Icy,^ Rosenheim^ Mockeridge^, Wilkins^ and Robbins^' have established the fact 
that small quantities of organic matter exert a beneficial action on plant growth. 
Mockeridge examined the more frequently used manures, such as leaf mould and 
stable manure, and has shown that the beneficial action of the manures, in promoting 
growth of plants, increased with the degree of fermentation or bacterial decom- 
position of the rnanui’es tested and that an extract of ^ bacterised peat ’ produced 
the largest amount of growth. Her experiments were carried out with the aquatic 
plants lemna major and lenma minor. These were selected for the reason of their 
being water plants and would, therefore, be under normal conditions of growth in 
water cultures. 

Water plants and their culture are quite different from the normally cultivated 
crops and so it was considered desirable to experiment with ordinary crops under 
ordinary conditions in the soil. 

Experiment, An amount of farmyard manure enough to supply 60 mg. of 
nitrogen per kilo of soil was extracted separately with water or 80 per cent, alcohol 
and the manurial value of these extracts was tested on ragi plants in pot cultures 
with the following results. 

Total dry 

Treatment matter formed 

for 12 plants 

1. Farmyard manure (fermented) ........ 50-96 grams 

2. Synthetic farmyard manure from Peermade (fermented vegetable matter) 52-88 „ 

3. Water extract only from fermented farmyard manure .... 49-72 „ 

4. Alcoholic extractiv^es from fermented farmyard manure applied in aqueous 

solution after removing alcohol ........ 44-96 „ 

5. Fresh farmyard manure (whole) . . . . . . . 37* 8 „ 

The water extract from fermented farmyard manure was as effective as the 
fermented manure itself. The alcoholic extract was not so good as the water ex- 
tract. Fresh farmyard manure was much behind the fermented manure. 

1 Livingston, B. E. Further Studies on the Properties of Some Unproductive Soils, U. S, Dept. 
Agric. Bureau of Soils, Bull, 36, 1907. 

2 Bottomley, W , B, Loc, Cit, 

® Bose oheim, Otto. Loc. Git. 

^ Mokeridge, F. A, Los, Gif. 

5 Wilkins, V. E. Agricultural Keseareh and the Farmer, H, M. Stationery Office, London, 1922. 

® B,obbins, W. J. The Effect of Autolised Yeast aiid Peptone on the Growth of Excised Corn^root- 
Tips in the Dark. Bot, Qaz, 1922, 
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Artificial farmyard manure wHcli was notliing but fermented stubble and straw 
was quite as eliective in its manurial value as fermented farmyard manure itself. 

These results are in agreement with those of Mockeridge who obtained similar 
results from fermented and unfermented peat, stable manure and organic composts. 

A second experiment was carried out in a similar manner with the extractives 
and residues of fresh and fermented farmyard manures, the crop used being ragi. 

Total dry 

Treatment . matter from 6 

plants 

1. Water extract from fenmnted farmyard manure . ... 27-26 grams 

2. Beside from above after extracting with water 27*00 „ 

3. Water extract from fresh farmyard manure . - * , . 20-16 „ 

4. Residue of /re-s/i farmyard manure after extraction with water . . /)-93 

In regard to the fermented manure^ both the extract and the residue were equally 
effective but in the case of fresh farmyard manure, the extract had a better growth- 
promoting value than the residue which gave a very low yield of crop. 

Mockeridge/ as a result of chemical examination of organic manures and composts, 
has shown that all of them contained nucleic acids and their derivatives and that 
with increase in the extent of decomposition wli'ch the manure undergoes, a 
(‘orrespondingly greater proportion of the original nucleic acid in the undecomposed 
liiaterial resolves into dinucleotides and purine and pyrimidine bases which are 
responsi})le mostly, if not entirely, for the growth-promoting effect. On this basis, 
the better manurial value of fermented farmyard manure when compared with 
fresh farmyard manure may be explained. 

.Further, in an attempt to find out whether the bacterial constituents have a direct 
part in promoting the growth of plants, she tested extracts of autoclaved cultures 
of Azofohacter Chroococcum along with crude nucleic acid derivatives and found that, 
while the effect of crude nucleic acid derivatives was nearly, proportional to the 
amount of tlie material added, the response to the Azotobacter. extract was not com- 
nieusurate with the quantity added, though increased application had increased 
effect. \ . ■ . . ' ■ ■ 

Similar experiments were carried out with autolysed and autoclaved bakers’ 
yeast with similar results. 

Yeast is known to contain nucleic acid in fair quantity. Investigation of Azolo 
Ixider extract huvS also shown that it contains a carbohydrate radical, phosphoric 
acid, purine and pyrimidine bases which are seen to promote plant growth. 

From a consideration of these results, Mockeridge in a later contribution 
.modified her views on the question of auximones and concluded that the gro^yth- 
promoting effect of decomposed manures or bacteria is due to nucleic acid deriva- 
tives. 


3- Mockeridge, F. A, The Occurrence and JSTature of the Plant CTrowth-pronioting Substances in 
\ arious Organic Maifurial Composts. Biochem, Journ,, 1920. 

2 Mockeridge, F. A. The Formation of Plant Growth-promoting Substances by Micro-organisms. 
.Bof. 1924 



27-26 grams 
27-00 „ 

20-16 „ 
5-91 „ 

40-50 „ 


1. Water extract from fermented farmyard manure . . . 

2. Residue of fermented farmyard manure after extraction with water 

,3. Water extract from fresh farmyard manure . . . 

4. Residue of fresh farmyard manure after extracting with water , 

5, Yeast (1-0 gram per 15 kilos of soil), 3Sfo farmyard manure was added 


Fig. 9. Showing the growth of ra>ji plants grown under the 5 treatments mentioned above. The num- 
bers on the pots are same as those referred to in the above table. . 
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It should be noted that in all her experiments \vith the water plants, Mockeridge 
used large quantities of active substances ranging from 0'5 gram to 4 grams to the 
litre and so the efiect of derivatives of nucleic acid could not be ignored and conse- 
quently she could not define the part played by minute organisms like bacteria 
and yeasts in the supply of gro-wth-promoting factors. 

Her experiments were therefore repeated on ragi with minute amounts of yeast, 
the object being to ascertain how far minute applications of cultures, in which the 
supply of the ordinary manurial constituents, nitrogen, phosphoric acid and potash, 
is insignificant, contribute to the growth of plants. In the first experiment the 
effect of a small amount of yeast (about 10 gram of wet substance per 15 kilos of 
soil) was compared with the residues and extracts of fresh and fermented farmyard 
manures. 

Total dry 

^ ^ ^ matter for 6 

, -.plants 
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A ^mail aitLOunt of yeast had given the best result ; still the amount of yeast 
might have been sufficiently large to supply manuriai constituents or derivatives 
ofnucleic acids. 

The next set of experiments was therefore carried out in sand cultures where 
the effect of yeast was compared against minerals. Crone’s normal solution in a 
highly diluted form was used. The sand used for cultures was not submitted to 
any special treatment. The experiments were carried out with wheat and 
cliolam. Two milligrammes of wet yeast were added to each pot which con- 
tained i kilo of sand. The yeast contained 0*000050 gram of nitrogen and 0*00004: 
gram of phosphoric acid. 



Wheat 

Cholam 

Treatment 

Average 
weight per 
plant 

Average ■ " ■ 
weight per 
plant 


grm. i 

grm. 

Sand only . • . • • 

0*321 

'"y yo*34' ;;; :y' 

Sand Crone’s solution in a Mglily diluted form • * 

0*290 

0*33 

Sand Crone’s solution 0*002 gram wet live yeast per 

kilo of sand. 

0*498 

0*43 

Sand 0*002 gram wet live yeast per Idle of sand . . 

1 0*413 


Sand 0-004 gram wet live yeast per kilo of sand 


0*71 

Sand plus autoclaved yeast *002 gram per kilo of sand . 

0*340 


Sand Crone’s solution pks *002 gram autoclaved yeast per 

Idioof sand. 

0*472" 

0 37 



Fio. 10. EUect of Yeast on rw/L 
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11. Effect of Yeast on wheat, 


Eig. 12. Effect of Yeast on eholam. 


Nil =Sand only. 

M or Min =Sand and Minerals. 

L. Y. = Sand and Live Yeast. 

A. y. = Sand and Autoclaved Yeast, 
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Similar experiments were carried out with, difierent crops with the following re- 
sults. The yeast was analysed and an amount of nitrogen and phosphoric acid 
equivalent to the yeast added was given to the pots which received no yeast. 


BbY mattes fob 0 PLANTS IN GBM. 


Crop 

Control (soil 
only) 

1 Soil 0-002 grm. of 
wet yeast per i 
kilo of soil 

% increase over 
control 

Baji {Eleusine coracana) .... 

12-45 

, 15-14 

21-6 

Gmnbu [Pennisetiim typhoideiim) 

21-44 

25-90 

20-8 

Panivarajii {Fameum miliaceim) 

3-39 

5-77 

, 70*2 

Glholam (Andropogon i^orghtim) . 

8-63 

11-74 

36-0 

Tomato {Lycoperciewm esculentum) yield of 

5-GO 

9-25 

05'*2 

fruit. 





Another experiment with vagi was carried out in small plots 2' x2' x 1' in qua- 
druplicate. 0*002 grm. of wet yeast grown on cholam malt extract was added per 
kilo of soil and the nitrogen and phosphoric acid were compensated for by the 
addition of equivalent amount of these constituents in the form of ammonium 
sulphate and superphosphate in the control plots. The results are given below : — 


Plot No. 

Tbeatment Yeast (0-002 grm. 
PEB KILO OF soil) 

Tbeatment No Yeast 

No. of i)lants ex- 
cluding those at 
the edges 

Wt. of crop ex- 
cluding that of 
plants at the 
edges 

f 

No. of plants ex- 
cluding those at 
the edges 

1 Wt. of cro]> ex- 
cluding that of 
plants at the 
, edges ■ 



grm. 


grm. 

1 . . . . . 

60 

17-35 

60 

14-50 

2 

i GO 

42*50 

60 

26-50 

.3 

! 60 

60-50 

60 

31-00 

4 . 

1 60 

31-00 

60 

16*65 

Total . 


151-35 


88-65 


% Increase of yeast over no yeast = 

Mean diiference of yeast inlmia no yeast =16*4 
Standard deviation = 9*08 

Mean difference i « j i i • j* & x. i t ^ 

^ ; — 7 -T — r-r: — = 1*7 Odds — ill favour of yeasted plot. 

Standard deviation 

The effect of yeast, live or autoclaved, is clearly visible. The better growth and 
increase in crop production could not have been due to the effect of the ordinary 
manurial constituents, especially in the small plots where the number of plants was 
too large. Firstly thequantity of yeast added was so small, and secondly, the equi- 
valents of nitrogen and phosphoric acid were added in the form of atnoionium sul- 
phate and superphosphate. It could not also be due entirely to the effect of nucleic 
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acid radicals, purine and pyrimidine bases, for here again the quantity of these 
substances added through the agency of yeast would appear to be too insignificant 
to be effective to the extent observed. If minute amounts of nucleic acid deriva- 
tives were responsible for the stimulation then they must be the *^'Auximones 
of Bottomley. 

How then did the yeast benefit the plants ? It would appear that as a result of 
the disintegration of the yeast in the soil the active principle — by whatever 
name it is called ■ — was liberated and made available for absorption by the plant. 

It is well known that animals generally obtain their ''Vitamins” from plants. 
It has been established that fermented organic matter provides growth-promoting 
substances for plants. Yeast is known to contain "Vitamins” which in small quanti- 
ties are beneficial to animals. The results of our experiments have shown that 
minute quantities of yeast stimulate growth and reproduction of plants. It seems, 
therefore, reasonable to suppose that a certain active constituent — whether it is 
called "Auximoiie,” "Vitamine,” or accessory food factor, whether it is organic or 
inorganic in nature, and whether it is the same or different for plants or animals 
— is passed to the animal through the plant as such or in a modified form. 

How far the effect of yeast on the crop is transmitted to animals was tested by 
the following experiment. By the courtesy of the Government Entomologist, Eao 
Sahib Y. Eamachandra Eao, two small plots each measuring 2 cents in area were 
laid out in his Insectary compound. Both the plots were manured with complete 
mineral manure and wheat was sown. One plot received a top dressing of 1|- pounds 
of wet yeast residues from a brewery. The usual initial depressing action of yeast 
was observed. Later on this wore off, the yeasted crop grew slightly better and 
the grainyield was 5*3 per cent, more than the non-yeasted plot. The grain from 
both the plots were submitted to Lieut.-Col. E. McCarrison who very kindly 
tested their nutritive values. "With his kind permission the group results of two 
experiments on rats are given below. 

1st Exrbeiment. 


Total body weights of groups of rats in grammes. 


Treatment for plot 

-V : / ■ . ■ ■ - ' ■ i 

1st 

day 

20th 

day 

27th 

day 

34th 

day 

41st.' ' 
day 

4Sth 
. Aay ^ 

55th 

day 

Mineral manure only 

254 

S56 

415 

459 

502 

563 

599 

Mineral manure ^hts yeast 

254 

1 368 

422 

458 

509 

566 

594 


2nd Expeeiment. 





Mineral manure only 



533 

• 556 1 

598 1 

667 

668 

Mineral manure plus yeast 

402 

505 

537 

576 

611 

660 

689 
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In the first experiment there was no difference ; in the second experiment there 
was a slight difference in favour of yeasted wheat but it is of no significance. 

Judging from the differences in the early stages of the two experiments in favour 
of yeasted wheat the results may at best be interpreted to indicate that larger ap- 
plications of yeast would likely yield a grain with better nutritive value. The ex- 
periments will be repeated with larger dressings of yeast. 

Meanwhile, we may look in another direction for the information we want. 

The results of experiments with plants and animals in parts 1 and 2 of this paper 
afford some evidence on the point at issue. 

The seed from the farmyard manure plot had better cropping value than that 
from the no manure plot. Therefore, according to Bottomley’s terminology, the 
‘'Auximonic’" effect of Cattle manure seed ” was greater than that of the Ho 
manure seed.’’ Now, the results of feeding trials with pigeons and rats have shown 
that the same Cattle manure seed ” contained more Vitamins” than the ‘^No 
manure seed.” That is, a seed which had a greater auximonic value as judged by 
vegetation tests also had a greater vitamin and nutritive value for animals. Vice 
versa yeast which is known to contain vitamins for animals has been shown to have 
an auximonic effect on plants. It would, therefore, appear that auximones for 
plants and vitamins for animals are the same or, if different, exist together and are 
interdependent and function in different w^ays according to the organism into which 
they are introduced and the conditions tinder which they operate. 

Based on this hypothesis, an explanation may be found for the differences in 
the nutritive values of the differently manured grains and for the similarity in the 
results of experiments with plants and animals. 

It may be stated that in the case of the farmyard manure plot the decomposing 
organic matter supplied some very active constituent (Auximone) which vitalised 
the young crop in its initial stages and thus enabled the adult plants to manufac- 
ture ‘‘Vitamins” vigorously. The total quantity of “ Vitamin ” made up of the ini- 
tial phis the subsequently produced ‘‘ Vitamins ” was enough to endow the grain 
from the farmyard manure plot with the highest nutritive value. 

In the case of the mineral manure and no manure plots the lack of organic matter 
failed to supply the initial quantity of “ Vitamins ” and this circumstance probabty 
also reduced the efficiency of the plant to manufacture ‘ ‘ Vitamins. ” The net result 
was “Vitamin ” deficiency in the grain from these plots. 

Apart from the absorption of the active constituents from the organic debris^ 
there is also the contribution of these by the micro-organisms in the soil. 

In the light of our experiments with yeast something more than direct absorp- 
tion by the plant of some vitalising constituent from organic matter would also 
appear to take place. It would appear that in the case of farmyard manure, as a 
result of bacterial decomposition of organic matter, the “ Vitamins ” are absorbed 
by the bacteria in addition to what they are capable of manufacturing for them- 
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selves. The bacteria die off after a time and the “ Vitamins present in them are 
absorbed by the plant and passed on to the animal. 

The differences observed in the nutritive values between Chemical manure 
grains ” and/' No manure grains ’’ would seem to lend support to this view. In 
both these plots there was a lack of organic matter and so the bacteria had no initial 
supply of ‘'Vitamins. ’’ But in the case of the mineral manure plot there was 
available plenty of mineral food and so the bacteria could multiply themselves in large 
numbers and manufacture “ Vitamins ” for themselves and pass on to the plant 
in a greater quantity than in the case of no manure plot but in a smaller quantity 
than in the case of the cattle manure plot where an initial supply of “ Vitamins” 
was available. In the case of the no manure plot neither organic nor mineral matter 
were available and so the crop had not the benefit of an initial start and had 
to depend solely on the “ Vitamins ” manufactured by itself. Consequently, the 
amount of “Vitamins’/ available in this crop was low. 

One more point requires to be explained and that is the different order of super- 
iority for the differently manured Bagi and wheat. It will be remembered that 
both in the plant and animal experiments the order of superiority for millet was 
in the order " Cattle manure seed/’ " Mineral manure seed ” and " No manure 
seed ” and that for wheat the order was changed, " No manure wheat ” occupying 
the second rank shifting the place of " Mineral manure wheat ” to the last. This 
variation may be due to the nature of the crop. It may also be that in the no 
manure and mineral manure plots, as in the case of cattle manure plot, the direct 
and indirect effects of organic matter were operating but in opposite directions. 
For the direct effect there was inadequacy of organic matter to provide for the 
initial supply of vitamins : for the indirect effect there was again the inadequacy of 
organic matter to maintain the optimum moisture conditions necessary for the 
development of bacteria. But in the case of the mineral manure plot there was 
available plenty of mineral food and so the bacteria could multiply and manufacture 
“Vitamins” for themselves provided optimum moisture conditions were prevailing. 
If unfortunately for them moisture conditions were low, the position would be worse 
for them as well as for the plant than in the no manure plot, because the large 
amount of mineral matter in the soil would unduly concentrate the soil-solution and 
check the development and multiplication of the organisms and consequently the 
vitamins available to the plant would be even lower than in the case of no manure 
plot. This probably accounts for the lower nutritive and cropping values of 
" Mineral manure wheat ” than that of " No manure wheat ” in opposition to the 
results with millets. 

It would thus appear that the micro-biological population of the soil has an im- 
portant biological part to play in addition to their bio-chemical functions involved 
in the disintegration of organic matter and bringing it into a form suitable for the 
use of the plant* 
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From a consideration of the experimental results it would appear that the role 
of organic matter generally and of farmyard manure in particular is, in addition 
to the indirect physical and biochemical effects, the direct action of completing the 
vitamin cycle in the co-operative existence of animal and plant. 


Summary of experimental results and conclusion. 

The experimental evidence so far considered may now be summarised : — 

(1) The effect of manuring a crop persisted in the seed and was visible in the 

next crop when the seed was sown in a soil of moderate fertility. 

(2) A manured crop gave a seed wutli a better cropping value than an un- 

manured crop. 

(3) A crop manured with cattle manure gave a seed with a better cropping 

value than that from a crop manured with mineral manure or not 
manured at all. 

(4) A crop manured with mineral manure gave a seed with a better cropping 

value than that feom an unmanured crop. But the superiority of 
Mineral manure seed over No manure seed ” varied with the 
nature of the crop. 

(5) The results of animal nutrition experiments by Lieut.-CoL R. McCarrison 

with the same grains as those used in plant experiments show that 
the Cattle manure seed ” was more nutritious than No manure 
seed or '' Mineral manure seed.^’ 

(6) The grain from a crop manured with mineral manure possessed better 

nutritive value than the grain from an unmanured crop. As in the 
case of experiments with plants the superiority of “ Mineral manure 
seed ’’ over No manure seed varied with the nature of the crop. 

(7) Fermented farmyard manure was found to possess better manurial value 

than fresh farmyard manure. 

(8) Synthetic farmyard manure prepared by fermenting grass and stubble 

had as good a manurial value as fermented natural farmyard manure. 

(9) The water and alcoholic extracts of fermented farmyard manure and the 

residue were found to have almost equal manurial value, 

(10) The water extract of fresh farmyard manure was superior in its 

manurial value to the residue, but the manurial value of the water 
extract of fresh farmyard manure was distinctly inferior to the water 
extract from fermented farmyard manure. 

(11) A small quantity of yeast stimulated a crop and in comparison with , 

fermented farmyard manure gave nearly one and a half times the 
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(12) A miniite ainoiint of yeast stimulated to a marked extent the growth 

of crop even after the nitrogen and phosphoric acid content of the 
yeast were compensated for by the addition of inorganic nitrogen 
and phosphoric acid. 

(13) Evidence and arguments are advanced to show that organic manures 

besides improving the physical condition of the soil and being sources 
of ordinary food for plants also supply some agents like ^'Auximones” 
oiv^ Vitamins ” which contribute greatly to the growth and reproduc- 
tion of the plant and through the plant and its seed supply more 
food to animals and plants. 

(14) Evidence and arguments are advanced to show that in addition to their 

bio'Chemical activity the micro-biological population of the soil con- 
tribute directly to the plant some stimulant which is ultimately 
passed on to the animal 

(16) The similarity in the results of plant and animal experiments would 
point to the direction that Bottondey’s ''Auximones'' for plants and 
‘‘ Vitamins ’’ for animals are probably the same, or if different, exist 
together and are interdependent, functioning in difierent ways accord- 
ing to the organism in which they are introduced and the conditions 
under which they operate. 

The results are of great interest and importance and if confirmed generally in 
other places would be of far reaching value. The mutual support and corrobora- 
tion that exists between the independently conducted experiments with plants 
and animals lend strong support to the view that manuring alters the character of 
the seed. It may be that in the instances considered the results were of an 
accentuated character as the seed experimented with came from plots that had been 
under intensive cultivation for a number of years and where the differential 
manurial effect was of an emphasised nature. 

It may also be that in a soil with a good supply of organic matter or with silt 
brought down by rivers flowing through forest areas, the disparity in the 
cropping capacity and the nutritive value of the seed from differently manured 
crops may not be as evident as in the present instance or may entirely disappear. 

Nevertheless, the results direct pointed attention to certain fundamental aspects 
of the problem of manuring and plant nutrition. 

Apart from their scientific interest, the findings of the investigations' are of im- 
mediate practical value to South Indian Agriculture. 

It is clearly shown that a crop should be manured— 

firstly — ^to obtain increased yields, 

secondly — to obtain a seed with a good cropping capacity in its next 
generation, and 

thirdly — to obtain a crop with high nutritive value. 
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The importance of organic manures is emphasised and the lines of future manurial 
programme are clearly shown. 

For purposes of manuring a crop, artificials alone are inadequate. The best 
results all round are obtained by a judicious combination of organic and artificial 
manures. 

It is further shown that manuring is one of the ways by which crop improvement 
can be effected, or the quality of a strain may be prevented from rapid deteriora- 
tion. 

The experimental evidence emphasises the importance of organic manures to 
South Indian soils which are very deficient in organic matter and indicate in no 
immistakable terms the manurial policy to be followed in the future. A basal 
dressing of a bulky organic manure, supplemented where necessary by artificial 
manures or a judicious combination of both in which the organic manure preponder- 
ates seems to be the best system of manuring. 

The inadequacy of the available farmyard manure and other organic manures 
to meet the needs of the arable area is well known. Tliis being so, the situation 
calls for immediate action in husbanding our resources of organic manures by : — 

(1) the proliibition or restriction of export of oil seeds, cakes and bones, 

(2) the utilizatiou of all waste organic materials for manurial purposes, 

(3) the utilization of sewage by the activated sludge process, 

(4) the utilization of night soil by poudrette manufacture or trenching. 
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Direct* 

These experinients were undertaken to determine the consumxrtion and diges- 
tion of rations by Scindi calves and to estimate the productive values of the rations 
employed. 

Procedure. 

The concentrate mixtures used in the experiment, the rates of feeding and other 
relevant data are given in Table I. 


Table I. 


Concentrates employed in the experiment 


*Net energy 


*/o of Amount fed 
Protein Ib, 


concentrate 

fed 


f Wheat bran, 2 parfc,s 

j - , ■ 

tlroLindnut calve. 1 part 
f .Broken lice, 1 part 
Groundnut cake, 1 part 
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These concentrates were selected in order to observe the relative eiTects of bulk 
net energy and protein content upon consumption, digestion and growth. There 
was considerable difficulty in obtaining a sufficient number of weaned calves. It 
was quite impossible to get enough for a simultaneous trial. We therefore took 
six calves at a time and put two on each of the above concentrates. At intervals 
of about six weeks fresh batches of calves became available. Three batches w^ere 
tested in this way. As the calves were far from uniform in size and age, it was de- 
cided to feed the concentrate as accurately as possible in proportion to live weight. 
Calves on A ration, for example, were fed at the rate of 1-6 lb. per 100 lb. live weight. 
This ration became almost excessive when the animals increased considerably in 
weight. In a few cases, the ration had to be reduced slightly on this account. The 
rations wexe generally increased once a fortnight in accordance with the increase 
in live weight. Sorghum silage was used as roughage. It was fed ad! lib, and the 
amount consumed by each animal was determined daily. Live weights were taken 
daily except wffiile digestion experiments were in progress. From the daily records 
weekly averages for concentrate consumption, roughage consumption, and live 
weight for each animal were found. These experimental results are given in full 
in the Appendix. In the course of the feeding trials, five sets of digestion experi- 
ments were carried out* The first two batches of calves were given a mineral sup- 
plement of lime* The third batch did not receive this supplement. The results 
of these experiments will be discussed under the following heads 

1. Food consumption. 

2. Live weight increases* 

3* Digestion experiments. 

4. Nitrogen and mineral balances. 

Foodl consumptiom 

The procedure employed in feeding has been described above* The revsults of 
the full data relating to food consumption (Table I Appendix) are summarised in the 
accompanying Table (No. II) in w^hich also the average live weight of each animal 
is shown. 

Table IL 


Baily average food eonsimipUon in lb, dry matter. 
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Daily average food consumption in lb. dry matter — ^eontd. 



Concentrate A 

Concentrate B 

:■■■ ^ 

Concentrate C 

2nd Batch, averages for 96 days — 

CaIfKo. . 

7 

■ 8 -... 

9 

10 

11 


Boiighage . . . , 


2-351 

2-268 

3-433 

2-159 

3-548 

^:2-79S':':v 

Concentrate . . . , 

V • 

3*525 

3-824 

3-620 

2-515 

2-301 

. ,l*579v";' 


Total . 

5-876 

6-092 

7-053 

4-974 

5-849 

■ 4-377' 

Average live weight . 

* 

216 

234 

275 

188 

254 

176 

3rd Batch, averages for 98 days — 

Calf No. . 

13 


15 

16 

17 

18 

Eoughage . . . . 


2-090 


2-704 

2-070 

2-963 

2-769 

Concentrate . . . . 


8-854 


3-237 

2-009 

1*996 

1-638 


Total . 

5-944 


5-941 

4-079 

4-959 1 

4-407 

Average live weight . 

• 

222 ' 


240 

152 

215 

177 


Consumption of concenttate- 

As it was intended to feed tlie concentrate in proportion to live weight, the actual 
consumption should show a regularity when plotted in graphic form. The accom- 
panying chart No. I shows the relation between concentrate consumption and live 
weight. It will be noted that very fair regularity was maintained in the feeding, 
one animal No. 14 was a “ bad doer,” did not eat well and made very poor pro- 
gress. It has been omitted from this and the succeeding charts. 



CHiBT No, 1. 
Concentrate consumption. 


£f€(€ly 


feeding of ,<iOBaBUM 


SILAGE ANE CONOE-NTOATE 



Consumption of roughage. 

II shows the relation between live weight aiicl 
recolleoted that the roughage was fed ad hb. 

:e, a measure of the amount which the auin 
j out the following points 


(Jhaht No. II. 

Roughage eonsuni pt ion, 


1. There is a remarkable regularity in the consiimptu 

2. The roughage consumption is very closely related 

centrate feeding practised. Three distinct lines 
tion are obtained for the three types of cone 

3. With rations B and 0, there is a regular increase 

tion with increasing live weight. With ration 
roughage hardly increases at all. 
comparison of charts I and II shows that a high rate ■ 
s in low consumption of roughage and vice versa. 
top and the C line at the bottom. In chart II, the pos 


Lb. Toiai food eensume^ci 
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Three distinct lines of totnJ dry matter coBBiimption are obtained corresponding 
to the tliree types of concentrate fe ding and with eacli. type of ration the total con- 
sumption increases regularly with increasing live weiglit. We ol)serye i?i this chart, 
further, that the total consumption is greatest with ration A and least with rati(ai 
C. Taking the three charts togetln^r, we find there is a tendency for concentrate 



Ration A 


Ration 


Ran an C. 


*6 10 yssto Jiao a 4.0 
Avf*f*a^a tiv/> u*nig'‘ht . 


OiUPvT No. III. 
Total food consumption, 


and roughage consumption to balance one another, but the balancing effect is not 
complete. A deficiency of concentrate is not quite compensated by the increase 
in roughage. The calves receiving least concentrate consumed least total dry matter 
and the animals which were fed the highest allowance^of concentrate consumed 
most food. Chart III shows, however, that the last statement only holds good 
izp to a certain point beyond which graphs A and B merge into one another. The 
merging of the graphs shows that at this stage the animals have developed a greater 
capacity for roughage and can make a full meal with a reduced allow’-ance of con- 
centrate. This is a point of practical importance. 

We have to consider now the actual data relating to food consumption. The 
most reliable figure which can be derh ed from chart III is the one referring to the 
animal of average live weight, Cc., about 210 lb. We find that our 210 lb. calves 
on rations A, B and C respectively consumed 5-7, 6*5 and 4*93 lb. per head or 27*1, 
26*2 and 23*5 lb. per 1000 lb. live weight. The Wolff Lehmann standard for calves 




■ 



FEEDING OE SOROHCU SILAGE AND CONOENTEATE 

allows 24 to 25 lb. per 1000 lb. live weight. Our calves on rations 
re consumed more than the accepted standard, whilst the calves 
, fairlv near the Standard. Seeing that the breed ot animals used 
ts has not been selected for high consumption capacity, the resul 
red exceptionally favourable. We attribute this good consunip- 
he quality of the roughage used by us. Well-made bm-glium si age 
fr.rlr1or fnr calves. It is eaten with relish and the animals 


Live weights. 

ive weights of all the animals ate shown in 
summarized in the accompanying Table 1 


h'lcrease in live tveighfs. 


Eation C 


nation x\. 


Ist Batch— 

Average live weight 12th week . 

„ »» week . 

Increase in 11 weeks 
„ per day . 

Average live weight for whole period 


2nd Batch — 

Average live weight 14th week . 

„ », 1st week . 

Increase in 13 weeks 
„ per day 

Average live weight for wholo period 


Calf No. 


3rd Batch- 

Average live weight 14th week . 

„ 1st week . 

Increase in 13 weeks 
,, per day 

Averago live weight for whole period 
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The daily live weight increase is calculated from the initial and final weekly 
averages. The results for the 1st and 2nd batches are shown in chart IV. Admitt- 
ing the paucity and otlier shortcomings of the data, the chart nevertheless brings 
out the following points : — 



CHART NO. IV. 

Live weight increase of calves. 

(a) Tlie larger animals tend to grow more rapidly tlian tlie smaller ones 

It may be concluded that this will be the result generally when con- 
centrate is fed in proportion to live weight. It should be noted^ how- 
ever, that with rations B and 0 the roughage consumption increased 
quite as rapidly as the concentrate. It would appear, therefore, 
that animals at this stage naturally tend to accelerate their rate of 
growth. 

(b) The live weight increase depends upon the nature of the ration. The 

results with ration C are decidedly the lowest, and, on the whole, ra- 
tion A produced somewhat greater growth than ration B. 

(c) Generally, a remarkably high rate of increase was obtained. Only three 

animals increased less than a pound a day and these three were on 
ration C. All the animals on rations A and B increased more than 
a pound a day. 

There is no doubt about the high rate of increase, but it varies according to 
the live weight as already pointed out, hence we can only specify a rate of increase 
for a definite live weight. The best procedure is to calculate the mean rate of in- 
crease and apply it to the average live weight. In this way, we find that' 210 lb. 
animals on rations A, B and C increase by 1*24, 1-16 and -90 lb. a day respectively. 
The same result could be read off from the chart. Without laying stress on these 
figures they give a fair representation of the live weight increases found. Turning 
back for a moment to the food consumption data, it will be seen that the same 
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2101b. animals consumed 5*7, 5*50 and 4*93 lb. dry matter respectively. Without 
further information this food seems inadequate lor producing such growth. 

The third batch of calves has to be considered next. Chart V shows the three 
lines which roughly I'epresent the growth of the first and 2nd batches. The results 



I^tsiion A 
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CXIABT No. V. . 

Live weight increase of 3rd batch. 


obtained with the third batch are indicated by the experimental points. It is clear 
from tliis chart that the thud batch is very far behind the others in growth. There 
are two circumstances connected with this batch requiring notice. In the first 
place, there is some doubt about the quality of the silage they received. This point 
is considered under the digestion experiments. W'e are not inclined to attribute 
the failure to the silage. Secondly, it will be recollected that the first and second 
batches received a lime supplement wdiicli was not given to the third batch. It 
seems natural therefore to attribute the failure to a lack of lime. Lime balance 
experiments which" will be described later hardly support this view. We have to 
conclude in the case of these calves that there was an undoubted failure to grow 
rapidly, but there is no clear evidence to sliow that the failure was due to a shortage 
of lime. The test has been inconclusive. 


Digestion experiments. 

1. Digestibility of the omed miioh. Digestion experiments were carried out 
with the first batch of animals once, with the second and third batches twice. One 
of the latter tests was carried out simultaneously with the two groups. We have, 
therefore, digestion data referring to four, silage samples and each silage sample 
was fed with three different types of concentrate. The digestion of tlie total organic 
matter (including concentrate and roughage) as found in these tests is shown to- 
gether with other significant data in the accompanying Table, 
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Table IV. 


Digestion of mixed rations. 


■ Calf No. 

Eatio of 
roughage to 
concentrate 

Total of 
organic matter 
consumed 

Amount of 
organic matter 
digested 

% Digested 
organic 
inaitor. 

1 Silag# 



grni. 

grm. 



liatkii A.'—' 






. 1 . . ■ . ■ ■ ' . ■■ 

•739 

2547 

1621 

63-66 

Ino. 1. ■ , 


•8D8 

2148 

1304 

60*74 

J 

7 . ' , . 

•748 

2743 

1824 

66-51 

Ino. 2. 

S / ' , ■. 

•717 

2804 

1901 

65*93 

J 

. 7 . . 

•729 

3042 

2067 

i 

1 

07*60 

1 

■■ 8 

•665 

320.5 

, 2103 

65*61 

CO 

d 

A. 

13 

•758 

2506 

1718 

68*53 


„ 14 : • ' . , . 

•812 

2025 

1343 

66-34 

J 

i;; . . 

•637 

2614 

1639 

62-69 

Ino. 4. 

14 . . . . 

•660 

2064 

1296 

63-08 

J 

Ratios B.— 



1 



3 . ' . . ' . .. : 

pon 

2267 

1366 

60-61 

Ino. 1. 

■ 4, . . .. . - . . 

1-359 

2019 

1326 

65*69 

J 

^ " .. ' •; ■ ' . 

•895 

3103 

2112 

68-07 

Ino.2.' 

10 . 

1-061 

2348 

1576 

67*05 

J ■■ 

,, , , , • • 

' ■■ ■ 9 . . ' . 

•985 ■ ■ ■ ■' 

3699 

2614 

69-86 

] 

10 

1 -on 

2691 

1798 

60*39 

Ino.3. 

; 15 . , «.» ' • 

1-060 

2513 

1711 

68*09 

■ 

■ :1.6 . . ... ■ , . • 

1-209 

1735 

1191 

68*66 

J 


•798 

2531 

1691 

66-79 

Ino. 4. 

16 

1-067 

1777 

1076 

60*55 

J 
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Digestion of mixed mtions — contd. 


Calf Xo. 

Batio of 
roughage to 
concentrate 

Total of 
org .nic matter 
consunu d 

Amo 11 . t 0 ? 
organic matter 
digest ed. 

% Digested 
organic 
matter 

Silage 






grin. 

grni. 



nation 0.— 









5 . 

.... 

• 

• 

1453 

2053 

1257 

61*21 

Ixo. 1. 

0 . 

. 

• 

• 

2*227 

1555 

998 

64*16 

J 

11 . 




1*700 

2869 

1875 

05*33 

Ixo. 2. 

12 . 




1*902 

2104 

1372 

65*93 i 

J 

ll . 




1*549 

2939 

2108 

68*60 

] 

32 . 




1*759 

2193 

1 1511 

66*88 

L- . 









3. 

. 17 




1*849 

2318 

1575 

67*94 

1 

is . 




2*055 

1985 

1325 

00*67 

J 

17 , 




1*276 

2064 

1322 

64*08 

1 









^Xo. 4. 

is . 




1*603 

1020 

1151 

59*95 

ilWBI 


Befote examining tiiese figures, it lias to be noted that the concentrates remain- 
ed practically uniform in quality throughout the series of tests* Any differences 
in the digestibility of the entire ration must be attributed, therefore, to variations 
in the quality of the silage. Considering first the results obtained with concentrate 
A, the best digestion of organic matter appears to have occurred when silage No. 3 
was fed. Silage No. 2 shows a digestion which is only slightly lower than No. 3. 
The average results of silages 1 and 4 are about equal and distinctly lower than 
silages 3 and 2. Looking at the ratios of roughage to concentrate, it appears that 
the appetites of the animals eating silage No. 4 were below the average. Referring 
now to the results with concentrates B and C, it will be noticed that they run parallel 
to the digestion figures obtained with concentrate A. The three sets of results 
corroborate one another satisfactorily. It has to be noted, how^ever, that there 
are considerable divergences between several of the duplicate determinations. In 
the case of calves 1 and 2 on silage No. 1, calves 15 and 16 on silage No. 4 and calves 
17 and 18 on silage No. 4, we might attribute the divergences to the proportion of 
roughage in the food actually consumed, but this explanation does not hold good 
for calves 3 and 4 on silage No. 1 and for calves 5 and 6 on silage No. 1. In the 
latter instances, the efficiency of digestion by the individual is the significant variant 
and it seems likely that the same factor is the main cause of divergences in other 
cases too. Further, the results with calves 13 and 14, 15 and 16, 17 and 18 show 
that the relative efficiency is liable to vary appreciably from time to time in an 
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irregular manner. The data are not sufficient to enable us to deal witlt these 
divergences statistically j but there are the following facts to go on : — 

Silages 1, 2 and 4 were each tested with six different animals; Silage .No. 3 
was tested with 12 animals. In no single instance was the digestion of silage No. 1 
or silage No, 4 as good as the digestion of silages 3 and 2. Looldng at the six results 
with silage No. 2 and the 12 results with silage No. 3, we find only one case in which 
No. 2 gives a better result than No. 3. 

From this discussion we feel justified in concluding that the figures show us the 
true order of digestibility of these four silage samples. T.he outstanding fact in 
these figures is the very high digestion attained in all the tests. In the numerous 
calf feeding experiments carried out by the Nutrition Section, no digestion figures 
to approach these results have been met with. There is no doubt that Sorghum 
silage is exceptionally well digested by calves. It has to be remembered too that 
this high digestion was maintained in spite of heavy consumption. 

Productive values of the rations. 

From the digestion results of Table IV and using the Bangalore graphic method 
for estimating net energy values, w^e find the net energy value of the rations to be 
approximately -58 Therm per lb. of dry matter. Using this figure the following 
results are obtained for the productive values of the rations consumed by 210 ib. 
calves. ■■ 

Table: V. ■ 


Productive values of rations consumed hy 210 lb , calves. 



Ration A 

Ration B 

Ration C 

Dry matter consumed per day, lb. . . . 

5-70 

5*50 

4-93 

Net energy of ration, Therms . . 

3-30 

3T9 

2-86': 

Net energy for maintenance, Therms . 

2*10 

2-10 

: 2-llV 

Balance for growth, Therms .... 

1-20 

I'OO 

•70 

Average daily live weight increase, lb. , 

1-24. 

M6 

•90 

Net energy per lb. increase. Therms 

•97 

•94 

•85 


The figures are as good as could be expected from the previous experimental 
results. One Therm is probably a fair allowance for the energy value of the gains 
made by these young calves. We feel, therefore, that the high gains recorded under 
the section dealing with live weights are accounted for reasonably well by the high 
digestibility of the ration. 
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2, DigestihU'dij of silage. The figures in Table V give the digestion of the 
entire ration. . The digestibility of the silage may be estimated from the results 
obtained with ration C. For the computation the following digestion coefficients 
have been assumed : 



Fibre 

JSTitrogeii 

fr€fe 

Cake ..... 

10% 

extract 

00% 

Rice ..... 

1007 , 

90% 


Worl-.ing with these coefficients the silage sample -, are found to have the digestibi- 
lity shown in Table VI. 

Table VI. 

Compuied, digestibility of .silage. 


% niGESTTON OP OAEBOHVDBATE | % niOESTIOJr OP OEOANIC iilATTKR 



The deviations in the duplicates of samples 1 and 4 are so serious that the aver- 
ages have little significance. From the more extensive figures of Table V we see 
that silages 1 and 4 are about eciuaUy digestible. We may therefore take 51, the 
average of the 4 figures for these samples in Table VI, as a fair estimate of the diges- 
tibility of samples 1 and 4. It may be concluded, accordingly, that the calves 
digested about 51%, 57%, 61% and 51% of the organic matter of these four samples 
of silage. It remains now to see whether these differences in digestibility are re^ 
lated to differences in chemical composition. The compositions of the four silap-es 
are shown in Table VII. ° 
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Table VIL 


Chemical composition of four silage samples. 


.Silage ■ 

• No.' 

Crude 

protein 

Anh 

SiHea 
ill ash 

Ether 

extract 

Fibre 

Nitrogen 

free 

extract 

Katie 

N. F. E. 
to fibre 

% digestion 
of organic 
matter 


■ 5*52 

10-11 

■III 

2-56 

86-97 

44-86 

1-213 

51 

■o 

.. 7-21 ■ 

8*64 


1-64 

33-09 

49-31 

1-490 

57 

,3 ' . 

5‘80 

12-46 


2-09 

30-16 

49-40 

1-638 

61 

4 . ■ . 

6-60 

14-98 

8-76 

1-75 

33-96 

42-66 

1-256 

51 


These figures show that the digestibility is roughly proportional to the ratio 
between fibre and nitrogen free extract. The digestibility increases as the pro- 
portion of fibrous carbohydrate decreases. The general quality of tlie silage fed 
during the entire test may be gauged now by this criterion. Three composite ana- 
lyses were carried out. The periods covered by the composite samples and by the 
feeding tests were as follows ; — 


Feeding tests 


Composite samples 


1st test . 23rd May to loth August. 

2nd test . 28tli Jul}" to 3rd October. 

3rd test . 22nd September to 2Sth November. 


23rd ]\ray to 11th September. 
2nd September to 17th October. 
ISth October to oth December. 


The first sample covers the entire first test, the major part of the second test 
and the commencement of the third test. The second sample covers the latter 
part of the second test and tlie major part of the third test. The last sample covers 
the remaining six weeks of the third test and extends beyond it somewhat. The 
analytical figures for the three samples are given in Table VIII. 


Table Vfil. 


Chemical analysis of composite silage. 


. ■ 

. 1 

Istsampile i 

2nd sample 

3rd sample 

Crude protein . 





5-00 

5*00 

6*31 

Ash 


. 

* 

. 

■ 10*14 . 

12*91 

19*33 

Ether extract . 


- 


. 

1 1*70 

2*01 

2*26 

Fibre 

. 

. 


• 

i 30*30 

33*43'’': 

29*23 

Nitrogen free extract 

• 


• 

• , 1 

40*30 

45*90 

42*82 . 




4 ^ 






H’:- i>‘'\ 
























Concentete A 


Concentrate B 


Concentrate C 


3 

11 -46 
52*35 
63*81 
44*70 
70*05 


4 

11*43 

41*10 


1 

10*64 

34*25 

44*89 

27*33 

60*88 


2 

10*00 

26*47 

36*47 

21*08 

57*80 


5 

11*95 

49*20 

61*15 

40*07 

65*53 


6 

10*55 

28*66 

39*21 

26*25 

66*95 


52*53 

37*93 

72 - 21 ' 


7 

15*03 

38*39 

53*42 

32*88 

61*55 


10 

15*40 

53*29 

08*69 

49*36 

71*80 


11 

23*43 

54*71 

78*14 

51*84 

60*34 


12 

17*65 

38*12 

55*77 

36*01 

64*57 


9 

18*76 

76*29 

05*05 

67-33 

70*84 


8 

15*42 

41*08 

56*50 

34*22 

60*57 


Table IX. 

The digestion of crude protein nitrogen in grm. per day. 


Nitrogen in roughage 
Nitrogen in concentrate , 
Total nitrogen in ration > 
Nitrogen digested . 

% Pigestion , . 


Calf No. 


Nitrogen in roughage 
Nitrogen in concentrate , 
Total nitrogen in ration 
Nitrogen digested . 

% Digestion . 


The third sample is peculiar in its Mgli asli content, but the digestion results 
in Table VII showed no relationship between ash content and cligestM^^ The 
ratio of fibre to nitrogen free extract was found to be the goveiiiing factor ai^^^ in 
this respect the third sample is satisfactory. The silage consumed by the third 
batch of calves during the last six weeks of the test was certainly high in ash content, 
but as far as we can judge it was easily digestible. Further, for the greater part 
of the test the third batch received what has been definitely proved to have been 
the very best silage. It does not seem probable, therefore, that the failure of the 
third batch can be attributed to the quality of the silage. 

3. The digestion of crude protein or total nitrogen. The digestion of crude 
protein has to be considered in exactly the same way as the total organic matter. 
We have to take into account four silage samples each fed with three diferent con- 
centrates. The results obtained are shown in Table IX. 


Calf No. 


FEEDING OF BORCmUM SILAGE AND GONCENTEATE 
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13& 


I 
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The digestwn of mmle prot^^^ nitrogen in grm, per dag — coiitcL 


Ivitrogen in roiigliage 
.S'itroge.ii in concentrate 
Total nitrogen in ration 
Nitrogen digested . 
Digestion . 


Nitrogen in concentrate 
Total nitrogen in ration 
Nitrogen digested . 

% Digestion . 


Nitrogen in roughage 
Nitrogen in eoncentate 
Total nitrogen in ration . 
Nitrogen digested . 



Cbneentmte B 

Goiicentrate C 

9 

10 

11 


19-23 

13-88 

19 '01 

14*89 

S2-78 

58-72 

57 '84 

39*87 , 

102-01 

72*60 

7()'85 

54*71> 

74-49 

52-23 

50-92 

35-10 

73-02 

71-94 

00*20 

63'93 

15 

10 

n 

18 

13-93 

10-57 

r 16-13 

14-23 

55*02 

34-39 

40*75 


09*55 

44-96 

56*88 

46-44/. 

48*74 

30-31 


27^43 

70-08 

07-42 

02-04 

59*07 


ll'4-D 9-24 14-09 j 11 -oO 

28-98 (11 *98 

48-84 :18*20 70-07 ! 

27-91 21-75 53-59 , 

57-14 50-94 70-45 ^ 



Before examining these figures, it has to be understood that we are dealing with 
three levels of protein feeding. In each column the concentrate (or concentrate 
nitrogen) was fed in proportion to the live weight, but the level of feeding was not 
the same in the three columns. The animals under A received least and under B 
most protein per 100 lb. live weight. The figures in Table IX are unavoidably com- 
plicated on account of the great range in live weight, but one fact can be discerned 
from the data as they stand. It is clear that the percentage digestion of nitrogen 
was inv ariably highest with ration B and lowest with ration A, The point is much 
more evident if we take the averages of all the results under each column. The 
figures given in Table X have been obtained in this way. 
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Table X, 


xiverage digestibility of crude f rotein -nitrogen. 


Average of ten tests . 

Ration A 

Ra tion B 

. Ration C,, ' 

Live weight of animal .... 

2l2v 8 

213- 5 ' 

204- 5'' 

C.^onsuinptioii of eracle protein nitrogen 

47*:i2 

09*4 1 

58*00 

grams per day. 




Nitrogen content ot faeces, grams per day. 

19*83 

20*34 

20*78 

Crude ]_)rotem nitrogen (ligested, grin, pev 

27*49 

49*12 

37*78 

day. 




% Digestion . 

.78*10 

70*71 

04*22 : 


It is interesting to notice that the nitrogen voided in the faeces is practically 
identical for the three groups. No significance has been found in this fact. It 
appears to be a mere coincidence. On the other hand, the proportion of nitrogen 
in the ration and the resulting digestibility is significant. With an increase of nitro- 
gen in the ration, the digestibility increases rapidly and the figures obtained are to 
be relied on, because each is the average of ten fairly concordant results. These 
digestion results cannot be explained satisfactorily by the assumption of fixed di- 
gestion coej6S.cients and definite losses of metabolic nitrogen. It appears that the 
digestion of nitrogen is definitely related to the proportion of nitrogen in the ration. 

Nitrogen excretion in faeces* 

For the nitrogen excretion in the faeces we have another set of figures, namefy, 
the percentage of nitrogen in the fresh faeces calculated on the dry basis. The 
figures are given in full in Table XI. 

■Table XL 


Nitrogen content of fresh faeces calculated on the dry basis. 


Silage 

Ration A 
% Nitrogen 
in faeces 

Ration B 

Nitrogen 
in faeces 

Ration r 
% Nitrogen 
in faeces 

1 ' . 

1*585 

1*540 

1*780 

1*751 

2-231 ]-!i33 

2 , , . 

1*935 

1*935 

! . . 2*388 

2*135 

2*289 2*351 

3 I 

1*900 

1*920 

2*061 

2*052 

2*271 2*304 

1 

2*019 

1*925 

2-106 

2*100 

2*350 2*370 

4 * • . 

1*098 

1-712 

2-062 

1 *821 

1 2*188 2*057 

Average . 

1*818 

2*033 

2*24 [ 


j 

I 
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i 

i 


In eveiy line tlie %iires in the first column are lowest and in the last column 
highest. Out of the 30 figures in this Table there is only one irregular result. It 
may be accepted as an established fact, therefore, that the average nitrogen contents 
of faeces from rations A, B and C are 1-818, 2-033 and 2-241% respectively. These 
figures can only be correlated with the amounts of roughage or roughage nitrogen 
eaten by the three groups. The figures are shown in Table XII. 

Table XII. 


Relation between faecal nitrogen and roughage consum/jjtion. 



Ration A 

Ration B 

l.iation C 

Average ruughage con.svniiption in gi-ams 
dry inattei- per day. 

1201 

1402 

ir>iU 

Average nitrogen eontent of rougliage grm. 

12-09 

14-12 

■ 15*72 ; : 

Average nitrogen content of faeces. (°/o)* 

1-818 

2-033 

■; : .2-241 / 


It is clear from these figures that either the bulk of the roughage or the nitrogen 
ill the roughage influences the nitrogen content of the faeces. To decide between 
these t\yo alternatives, the results for each of the four silages must be considered 
separately. The figures are shown in Table XIIL 

Table XIII. 


Effect- of different silage samples uponjcecal nitrogen content. 



Silage 

-i /: j 

Silage 

2'" 

Silage 

3 

Silage 

4 

Average rougliage consumiitioii in grams . 

1182 

1341 

1586 

1246 

Average nitrogen content of rougJiage grm, . 

11-00 

17-61 

1 14-19 

12-60 

Average nitrogen content of fseces 

1-804 

L„ 

. 2-172. 

i 2-127 

1-922 


It appears from these figures that the fecal nitrogen is most closely related to 
the amount of nitrogen in the silage. We conclude, therefore, that it is not so much 
the metabolic nitrogen associated with roughage consumption but the relatively 
indigestible nature of the silage nitrogen that affects the nitrogen content of the 
fa ces. 
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Mineral balances. 

The assimilation of lime and was studied during the five digestion experi- 
ments. We have, therefore, one set of figures for the fii‘st batch of calves and two 
sets for each of the second and third batches. 

Assmilutioji of phosphoric ucid. Table XIV shows the total P.2O5 in the 
ration and the amount assimilated in each test. 

Table XIV. 


Assimikition of in (jmmper day. 


J{ATt().\ A 

Batiox B 

Eatiox t' 

Calf Xo. 

{»» 0 - in 
Eatioii 

PjOg 

niilatefl 

Calf Xo. 

P-Os in 
nation 

P 3 O 5 assi- 
milated 

(‘alf X’o. 

PjOj in 
Ration 

P*Os assi- 
milated. 

1 

S'.rOT 

r)-ro 

3 

28-03 

5-52 

5 


15-60 

4-15 

2 ■ ' " . 

31-45 

3 -SO 

4 . . ■ . 

23-60 

4-07 

6 


11-61 

3-5? 

■7- 

41-25 

0 -Oi) 

0 . . 

30-Sl 

0-42 

11 


18-73 

6-60*. 

.1 .... - .. ' . 

50-53 

20-16 

0 

52-32 

lS-43 

11 


18-42 

5-Sl 

.. S . 

44-42 

10-02 

10 . 

28-70 

s-os 

12 


3 3-.56 

f>-sr> 

S ' , .' . 

C4-r,S 

21-43 

10 

37*37 

13-61 

12 


13-47 

5-34 

IS 

48-44 

1 * 0 

15 

1 3c>’<2 

9-75 

17 


15-37 

5 -54 

IS 

43-11 

10-32 

15 

3‘’"’-' — 

0-46 

17 


23-63 

■t-76- 

14 

38-24 

12-70 

10 

22-06 

7-63 

18 


11 -87 

S-55 

14 

33-13 

8-13 

16 

21-06 

7* 5 3 

18 


32*05 

4.U5 

AVKHAfiK . 

44-32 

11-51 

(Avehage) . 

32-24 

9-53 

(AVEllAGE) 


14-44 

4-95 


The means of such divergent figures have no significance as an average, but the 
last line of the table shows very definitely that the animals on ration C received 
least P./Js and also assimilated much less than groups A and B. An examination 
of the individual results shows that there is a close correlation between the amount 
of Pw^Og in the ration and the amount assimilated. It would appear from these 
results that the animals were in a condition to assimilate considerable quantities of 
PoO- and the assimilation was generally limited by the amount present in the ration. 
It will be observed that C group which made the lowest growth received least P^Og. 
but this group also ate least food. The failure to grow- rapidly cannot be attri- 
buted, therefore, to lack of P2O5. It is, however, possible that shortage of P.,05 
may have been a contributory cause. This point will deserve attention in future 
work. 


Assimilation of lime. Before examining the lime data, it is necessary to explain 
that the tw^o tests with the second and third batches were carried out near the 
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comtuencemeiif} and near tlie end of the feeding trial respectivelj. Tlie sin^^]e test 
with the first batch \cas made near the end of that feeding test. The results for lime 
assimilation are given in Table XV and are grouped under early and late tests. 

Table XV, 


Assimilation of lime in grams per day. 





Ration A 

Ration B 

Ration 0 




Early 

Late 

Early 

Late 

Early 

Late 

Lime Supplement — 


Calf Ko. . 

1 

1 

3 

3 

5 

, 5 ' 

CaO in ration . 

. 

. . 


19-36 


lS-66 

. . 

17-64 

CaO assimilated 

• 

. . 


7-08 


6-04 

- 

5-61 



Calf Ro. . 

2 

2 

4 

4 

6 

6 

CaO in ration . 

. 

. 


17-39 


18-06 

. . 

16-10 

CaO assimilated 

• 

. 


5-73 

•* 

6-42 


5-30 



Calf Is"o. . 

7 

7 

9 

9 

11 

11 

CaO in ration . 


. 

19-5G 

23-45 

21-33 

26-73 

21-02 

22-25 

CaO assimilated 

• 

. . 

13-63 

8-69 

11-30 

8-05 

8’34 

6*39 



CalfKo. . 

8 

S 

10 

10 

12 

12 

CaO in ration . 

• 


20-06 

24-03 

18-39 

21-36 

17-66 

18-95 

CaO assimilated 

• 


11-84 

8-80 

11-30 

8*05 

8-34 

6-39 

2To Supplement — 


Calf Ho. . 

13 

13 

15 

15 

17 

17. 

CaO in ration . 


• V • 

18-05 

12-99 

13-37 

14-15 

13*96 

12*05 

CaO assimilated 

• 

, . . 

11-49 

4-51 

11-17 

S-IS 

10-17 

4-88 



Calf Ho. . 

14 

14 

IG 

16 

18 

18 

CaO in ration . 



10-66 

10-33 

9-65 

. 10-77 

10-57 

11-09 

CaO assimilated 

• 


10-02 

5-30 

8-32 

6-17 

7-12 

5-44 

Average — 









CaO in ration . 

. 

... 

15-83 

17-93 

15-68 

18-29 

15-80 

16*40 

CaO assimilated 

• 

. 

11-74 

6-70 

10-46 

7*05 

9-28 

5*81 


The lime assimilation was found to have no relationship whatever to the amount 
of lime in the ration or to the amount of assimilated, but it w^as observed 
that where two tests were made on the same animal the first test showed higher 
assimilation than the second, This is the only regularity that could be found 
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■ M Talble XV stows tliat, without a single 

in the data for hine aud in the case of the first hatch 

of calves, lor winch we have only _ . batches were not com- 
be pointed out that the of the second batch was half finished 

inenced sunultaneously. The coi .. _ o 1 He test with the 

when the third batch was introduced ' ^f^Vas the early test with the 

second batch ^ early and late tests, therefore, cannot 

third batch. The dilfeience loi _ , „;4.„ bi the food or to climatic condi- 

be due to any temporary tbg table bring out the difference 

tto,. It i. . ie.l difiereac.. a, asBimilation 

clearly. The amouut o' , b interpret this result as showing that in our 

fell off appreciably. We »« '»f *» "' 2 '' „ ^nd fell 0* later 
rationing "I , Uver, deserves to 

when ac results obtained with and without lime snpple- 

studicd fnrthu. /"““fl without the suppleineut failed to assimilate 

meuts It cannot be said h i ■ _ rj-bp percentage assimilation is, however, 

lime during the stage of the feeding were 

remarkable and the fieces to cause liqW 

BO untoward effect visible. Tbe experiment seems to 
in the Isces but tnero ^ Ib-np—i conclusion which receives support 

show that the amma s^ were batches, they reduced their 

from the fact that, lik • . _ _ Tt is nossible however, that we were on the 

asBi^Wiont.^^^ 

border hue of lime niure to «row at the great speed attained by the first and 

‘^rbSht According to Kcfluct a growing calf should assimilate about 14 
second batdi .^^^ ^ during the early part of the feeding, our calves came near 

b°t^ S; st^^; they fell below it. In spt. of tb^, the firs, ^d 
^Loud° groups grew steadily and rapidly and were rn very fine condifaon at the end 
f +li» tit Tt is not likely that they were suffering Irom any shortage. 

ne percentages of lime and P.ofin the rations actnolly consumed by our calves 

are given in. tlie next Table XVI . 

Table XVL 


Percentage of lime and P 2O5 in rations. 


Ration A 


Ration B 


Ration C 



n % 


y 


Wii'li Bupple-ment 
Without supplement 


•093 1-3U -727 1 389 -783 •(•>23 

•407 l-Oie -se? 1-104 -575 
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Judging 1)7 diets used for rat experimentB by other workers, the nnsiipplemented 
rations are soniewhat in lime and ration C is low in phosplioric acid. Such 
low B 2 Q 5 values will be obtained generally in India unless wheat bran or rice bran 
is used as part of the concentrate. 

Nitrogen balances. 

The results of the nitrogen balance experiments are given in a condeiiged foriji 
in the accompanying Table. 

Table XVIL 


Nitrogen halances in grams per dag. 



Ration A 

Ration B 

, Ration c 

Siisig« 

Calf 

Live 

weight 

Mtrogeii 

balaBoe 

Calf i 

Live 

weight 

Nitrogen 

balanee 



Xifrogeri 

l>aiy.ht!e 

I ' . ' , 

1 

243 

16 ‘59 

0 

220 

16-98 

5 , 

■ '234 ■■ 

12*74 


2 

178 . ■ 

13-12 

4 

185 

12*99 

6 

166 

10*59 

H . . 

7 

216 

18*65 

9 

275 

19*27 

11 

254 ■' 

15*94 


8 

234 

20*86 

10 , 

18S 

19*05 

12 

176 

11*99 

Ill 

7 

' ■ 216 ■ 

18-23 

9 

275'. 

20*92 

11 

,254 

9*49 


S 

234 

17*04 

10 

188 

17*45 

12 

176 

9*52 


13 

222 

14*32 

15 

240 

16*00 

17 

215 

S*S5 


14 

ISS 

9*50 

16 

152 

9*65 

18 

177 


IT. . 1 

13 

222 

14*66 

1 

18 

240 

16*51 

; 17 

215 ■ ' 

6*74 

j 

' 

14 

188 

11*84 

16 

152 

10*84 

i ■ 

. 

iS 

, 'W"' ■ 

7*67 

Ateeaqe. 


214 

! 15*51 

1 


212 

15*06 


204 

10*39 


The following points may be noticed in these results : — 

1 . Under each ration the assimilation is generally higher with animalKS of greater 

live weight. 

2 . The averages for the three rations shov' that the C group generally assimilat- 

ed somewhat less than groups A and B, 

3. The figures for the third batch of calves (Nos. 13 to 18) are below the average. 

In all these cases, the nitrogen balance is roughly parallel to the rate of live 
weight increase. To this extent, the determination is a useful supplement to the 
live weight figures. Begarding the influence of the quality of the silage upon nitro- 
gen assimilation, tlie table shows tliat this possible factor had no appreciable effect 
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! 

ij on the result. The nitrogen balance data give m some information concerning 

j| the requirements of crude inotein for growtli. The average utilization of crude 

protein nitrogen by the three groups is given in the ne:K:t Table, 

:i Table XVIIL 


Average utilization of crude protein nitrogen in grams per day. 




Bation A 

Bation B 

Bation 0 

JSTitrogen in roughage 

. . grains 

12*04 

14*03 

15*72 

Kitrogen in concentrate . 

. . ,, 

35-2S 

55*43 

42-37 

Total nitrogen in ration . 

* • 99 

47*32 

6146 

58*00 

Kitrogen in fseoes 

. „ 

19*83 

20*34 

20*78 

Nitrogen digested 

* * 99 

2749 

49*12 

37*31 

Nitrogen excreted in urine 

• • » 

11*98 

33*16 

26*92 

Nitrogen assimilated 

♦ • „ 

1 15’51 

15*96 

10’39 

Per cent, assimilation of digested nitro- 
gen. 

56*4 

32*5 

27*9 


From these figures it appears that when wheat bran is the sole concentrate, 2749 
grams of digestible crude protein nitrogen are sufficient to support rapid growth 
in calves weighing 212 lb., 15*5 grams were retained and 12 grams were voided in the 
urine. With the other rations the waste was much greater. This may be due either 
to the fact that we fed more protein than the animals could utilize or that the proteins 
of rations B and G were less efficient physiologically. If the latter reason were 
correct, the utilization of nitrogen in ration B, which contained two parts bran to 
one part of cake, should be superior to ration C which contained practically only 
groundnut protein. The actual difference found between rations B and C is so small 
that it does not leave room for any appreciable physiological difference. We con- 
elude, therefore, that the low j er cent, utilization of nitrogen in rations B and 0 
was due mainly to the circumstance that we fed more protein than the animals 
could utilize. 

Nitrogen distribution in urine. 


The distribution of urinary nitrogen was determined 16 times on each ration. 
Appreciable variations were observed in iudividual tests, The following average 
results were obtained 



F. J. WABTH & SHAHI KAJJT MISRA 


147 


4 


I 



h 


Table XIX. 


Bistfibulion of urinary nitrogen. 



Total 

nitrogen 

Urea 

Amino 

nitrogen 

Creatine 

nitrogen 

Undetermined 

nitrogen 

Ration A . . 

12-53 

7-63 

•876 

•951 

' 3-282, 

,, .. B. . . , . 

35-36 

28-92 

-956 

1-384 

4-096 

„ C . . 

28-01 

21-80 

1-491 

- 1-074 

, 3-522 


It appears from these figures that the creatine and creatinine nitrogen is related 
to the amount of protein in the ration. The amino acid nitrogen which consists 
almost wholly of hippuric acid seems to depend to some extent on the amount of 
roughage consumed. The relative figures for amino acid excretion and roughage 


consumed are as follows : — 

Amino Roughage 

acid consumed 

Ration A . . . . , . . * . ,1 1 

,, B 1-09 B20 

s, C . V . . . . . . . . 1-70 142 


The undetermined nitrogen is roughly proportional to creatine and creatinine. 

. Summary. . 

1. The amount of food consumed by healthy calves of uniform breed was found 
to be remarkably regular in various respects. The high rate of food consumption 
attained in the experiment is attributed to tbe quality of the food. 

2. Sorghum silage fed ad lib, together with suitable concentrate produced very 
rapid growth with Scindi calves. 

3. Numerous digestion experiments showed that the rations were very well 
digested. No other ration tested by the Nutrition Section has given results to 
approach these figures. The high digestion attained is attributed to the quality 
of the Sorghum silage. 

4. The high rate of live weight increase is adequately accounted for by the diges- 
tion results, 

5. The digestion of protein was found to be proportional to the amount of protein 
in the ration. The quantities digested could not be explained satisfactorily on 
the assumption of constant digestion coeiB&cients. 

6. Assimilation of the digested nitrogen was efficient to the extent of 56 per cent, 
when wheat bran formed the sole concentrate. With the other rations the vraste 
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was greater, Tlie low utilization in these cases appears to ha^ e been due mainly 
to the fact that we fed more protein than the animals could utilize. 

7. With regard to assimilation of minerals, it was found that the animals assi- 
milated P,^Or, very consistently in proportion to the amount present in the food. 
A curious fact was observed in connection with lime assimilation. It was foiuid 
that assimilation was high in tlie early stages and fell off as the course of feeding 
progressed. There was no connection between the rates of assimilation of lime and 
phosphoric acid. 

8, A hatch of calves which did not receive a lime supplement failed to grow 
rapidly, hut the failure could not be attributed definitely to a shortage of lime. 
This test was inconclusive. 
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APPENDIX. 

Table I. 

Average daily roughage consumptim^ 1st haiclu 


(Oven dry weight in Kilos,) 


Calf No. 

1 

2 

3 

4 

5 

6 

1st weok' 




3-037 

5*270 

5*411 

7-212 

7-799 

2iid „ 



5-139 

4-803 

3-S53 

0-510 

7-550 

7-112 

Srd 



7-62S 

0-780 

8*405 

8-099 

8*009 

8-100 

4t.U „ 



0*351 

0*100 

7*785 

7-829 

S-252 

7*785 

5ih „ 



(V834 

0-254 

8-220 

8-107 

8-910 

8-145 

Otli „ 



S-200 

7-720 

0-073 

■■ .■8-271 

9-794 

8-104' 

7fch ,, 



8-802 

8*453 

10-903 

■ 9*184 

11-157 

9-020 

Sth 



i 8-322 

7*050 

10-235 

9-2S4 

11 •2-12 

9*330 

Dth „ 



' S-48S 

; 8*171 

9-035 

8*5vS9 

10-714 


10th 



S-08S 

8*842 

9*214 

; 9-439 

12-111 


nth .. 



7-291 

i 8-972 

7*849 

' 9*248 

10-502 


12th ;; 



9-778 

10-581 

1 

10*381 

10-313 

12*794 





89-504 

87-981 

102*079 

100*290 

1 . 

119*243 

101-780 


Average daily consumption of concenirale, hi hatch. 


(Air dry weight in Kilos.) 


CaK No. 

1 

2 

3 

4. 

5 

6 

1st week 




13-470 

9*081 

9*001 

7-140 

6*720 

3-511 

2nd 




11-920 

8*070 

9*100 

7*140 

6-720 

3-580 

3rd „ 




0-800 

7*SG0 


7-140 

6-7*20 

3-920 

4 th ,, 




12-320 

0-520 

9-100 

7-140 

' 6-720 

71-920 

5th „ 




12-320 

0*520 

9*100 

7-140 

.6-720 . 

3-920 

0th „ 




12-320 

9*520 

9-100 

7*140 

6-720 

3-920 

7 th 




12-320 

9*520 

9-100 

7-1,40 

■ 6-720 

3-920 

sth „ 




12*320 

9*520 

9*100 

7-M-O 

■■ 6*720 

3-920 

9tli „ 




14-650 

11*278 

11-290 

8*864 

8*050 

5*462 

10th 




i 10-520 

12-068 

12*180 

10-164 

.. . 8*400 

5*022 

11th „ 





13*216 

12-852 

10*976 

8*974 

6-258 

12th „ 


• 


IB 

13-216 

12-S52 

10*970 

8-974 

G-25S 





163'S(Ki 

123*289 

121*865 

98*100 

y'".' 88*i5'8:. 

54-511 
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Tabee I — contd. 


Average daily r&ughage anisumption, 2nd hatch. 


Calf 

7 

8 

9 

10 

11 

12 

1st week .... 

5*676 

5*241 

8-763 

5*850 

8*912 

6*387 

2nd „ . 

5 '764 

5*240 

10*674 

6*273 

10-IS9 

7*083 

3rd „ . . . 

5*755 

5*681 

11*028 

7*005 

10*893 

7*781 

4t]i . . . . 

6*081 

5*501 

10*664 

7*234 

9*409 

7*723 

5th . . 

6*723 

6-405 

10*736 

8*436 

11*592 

8*637 

6th „ . * . . 

7*401) 

7*225 

10-589 

6*707 

11*022 

8*856 

7tti „ . 

8*760 

7-729 

10*141 

8*486 

13*569 

10*170 

8th 

8*187 

9*767 

11*257 j 

8*605 

13*020 1 

10*249 

9th „ . 

7*274 

7*241 

9*346 j 

7*420 

10*568 

8*750 

10th „ . 

1 7*601 

! 7*292 

10*848 

8*000 

10*763 

8*539 

litb „ . . . . 

9*190 

: 8*064 

12*446 

9*149 

12*005 

10*395 

12th 

9*619 

9*253 

13*734 

: 9*850 

13*773 

10*529 

13th „ . . . . 

9*116 

9*033 

12*448 

9*047 

12*109 

10*002 

14th * 

7*328 

7*090 

9*897 

7*235 

9*874 



104*490 

100*762 

152*571 

109*297 

157*728 

124*377 


* 5 days. 


Average daily consumption of concentrate^ 2nd batch. 


Calf No. 

7 

8 

9 

10 

11 

12 

1st w^eek 





9*912 

10*794 

10*164 

6*804 

6*776 

4*536 

2nd 






9*912 

10*794 

10*164 

6*80-4 

6*776 

4*536 

3rd 






9*912 

10*794 

10*164 

6*804 

6*776 

4*536 

4th 






9*912 

10*794 

10*164 

6*804 

6*776 

4*536 

5th 






11*760 

12*390 

12*194 

8*232 

7*784 

5*418 

6th 






12*560 

13*440 

13*140 

9*062 

8*336 

5*722 

7th 






12*950 

13-860 

13*940 

9*380 

8*540 

5*950 

Sth 






12*950 

13*860 

13*940 

9*380 

8*540 

5*950 

9th 






13*650 

i 14*910 

14*000 

9*940 

8*820 

6*132 

10th 






13*650 

14*910 

14*000 

; 9*940 

8*820 

I 6*132 

11th 






14*770 

16*170 

14*980 

10*640 

9*240 

6*370 

12th 






14*770 

16*170 

14*980 

10*640 

' 9*240 

6*370 

13th 






14*770 

16*170 

14*980 

10*640 

9*240 

6*370 

14th 

, JJ'' 





12*660 

13*860 

12*840 

9*120 

7*920 

5*460-'5= 







174*138 

188*916 

178*650 

124*190 

113*584 

78-018 
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Table l.—condd. 


A-verage dailg roughage comimiptioib, ord hatch 


C‘)if 


4*774 

3*991 

6*S61 

7*760 

7*881 

7*406 

0*548 

6*363 

7*686 

7*463 

6*207 

(>•616 

6*529 

0*707 


6*268 

7*151 

8*994 

9*780 

9*047 

8*442 

8*558 

9*171 

0*447 

9*422 

8*003 

8*713 

8*354 

8*820 


8*160 

8*553 

10*289 

11*371 

10*035 

9*547 

10*136 

10*366 

9*995 

9*722 

8*674 

8*014 

8*843 

9*934 


6*180 

6*426 

8*460 

9*880 

9*245 

8*577 

9*026 

9*569 

9*701 

9*634 

8*128 

9*217 

9*109 

9*935 


7*239 

6*606 

6*580 

6*634 

7*065 

7*622 

7*812 

6*880 

6*861 

6*753 

6*912 


0*047 

5*501 

4*558 

4*721 

6*157 

6*078 

4*795 

5*772 

5*729 

5*871 


75*815 120*170 91*908 134*839 123*087 


8*750 9*380 

8*750 9*380 

9*380 10*080 

9*380 10*080 

9*380 10*080 

9*380 10*080 

11*060 11*090 

11*060 11*690 

11*060 11*690 

11*060 11*690 

12*160 12*940 

12*600 13*440 

12*600 13*440 

13*580 14*280 


5*880 

5*880 

6*230 

6*230 

6*230 

6*230 

7*140 

7*140 

7*140 

7*140 

8*040 

8*400 

8*400 

9-100 


6*202 

6*202 

6*510 

6*510 

6*510 

6*510 

7*280 

7*280 

7*280 

7-280 

7*580 

7*700 

7*700 

7*980 


5*012 

5*012 

5*250 

5*250 

5*250 

5*250 

5*922 

5*922 

5*922 

5*922 

6*342 

C*510 

6*510 

6*776 


99*180 98*524 


80*850 
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FOEBWORD. 


Tlie work described in the following Memoir has been carried out during the 
past two years. The Serdor Author is leaving India and ■will be unable to continue 
in charge of the investigations. It is, therefore, considered advisable to publish the 
results so far obtained. The work will, however, be continued by the joint authors 
of the paper. 

H. E. AITNETT, 

AgncuUural Chemist to Government, 
Central Provinces, Nagpur, 
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BY 
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Much work has been carried out on nitrification and nitrogen fixation in soils 
in various countries. Most of the work on nitrification deals with the conditions 
affecting the process and figiues have been given showing the amount of nitrate 
in the soil at various depths throughout the year. What happens to this nitrate 
after formation has received much less attention. Most wuiters assume that what 
is not used by the plant passes awuy into the subsoil w^ater. It is certainly widely 
stated that little denitrification takes place in soils. The work carried out in this 
laboratory shows that the loss of nitrate from soils is very great and in view’' of various 
other interesting observations arising out of the work no apology seems needed 
for adding to the already vast literature on the subject. Much of the W' ork on nit- 
rification has been carried out on soils, the formations underlying which allow the 
subsoil water to pass rapidly aw’^ay into neighbouring rivers. In the area on which 
our work has been carried out, w^e have a fairly uniform heavy black clay — the 
black cotton soil of India — 40 to 50' in depth resting on trap rock. In the rains 
the water level in wells rises to about 3 .feet from the suiiace and in the hot weather 
it fails to a distance of 19 feet from the surface. These conditions are typical of a 
very large tract of country in the Central Provinces of India though the water levels 
and depth of soil vary in different parts. There will of course be lateral movement 
of this under-ground water supply towards the big river beds. Since there are no 
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LOSS OF NITEATE FROM SOIL IN 0. 

Hg rivers near the Nagpnr Farm, the probability is that the lateral movement is 
exceedingly slow. It occnired to us. therefore, that a study of the nitrate content 
of wells, undertaken in connection with a study of the nitrate content of the soil 
itself at various periods throughout the year, should give interestmg results. Our 

experiments fall naturally into 3 divisions. „ r • t j. j. 

I A study of the nitrate content of the top 3 feet of soil of vanous plots at fre- 
quent intervals throughout the year. These_ experiments have been carried on 

from June 1925 to date, January 1927. With this was included a study of the 

total nitrogen content of the top one foot of soil. , _ . , . - , . . 

II A study of two weUs throughout the year, one of which is used for irriga- 
tion and one of which is not used at all. Regular determinations of well levels, 

total solids, nitrates, carbonates and bicarbonates were made. 

III. A study of the nitrate content of the drainage water from the drains laid 

under these plots. , . , , ., i i- 

For the convenience of the reader unacquainted with the soil and climate of the 

Central Provinces of India, the following particulars are given. They relate to the 

head-quarters station, Nagpur. 

Temperature at Nagpur in 1926. 


Months 



Jan, 

Feb. 

Mar. : 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Mov. 

Dec, 

Maximum 

88*5 

99-6 ! 

101*8 

109-7 

111*7 

114*0 

102*0 

92*0 

94*0 

92*9 ; 

91*3 

90*3 

Minimum .... 

49-3 

47-0 1 

; ■ . 1 

58*2 

05*9 

Raifi 

69*0 

7S*t> 

72*3 

73’0 

72-0 j 

50*1 ' 

1 

49-2 

43*8 

Kotraal .... 

•,58 

•50 

*40 

•50. i 

•09 

8-76 

!3*4S 

' 10*00 

1 

1 7*85 

! 

i 2*09 

•50 

" "■■■•46" ■: 

Total for year 


•• 

1 

•• ' 




.. 


! ** 

.. 

40*'03,/,"' 


Mechanical analysis. 


Olay 

Fine silt • 

Silt • • 

Fine sand 
Coarse sand 
Moisture • 

Loss on ignition 
Calcium carbonate 


42*5 

19*6 

7-4 

m2 

3^0 

1-G 


lOO'l 
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Chemical analysis. 

iCgOg • • • • • « > 

Al20g 0 • • # • • * • 

JilllO • . . • a a . • * • a , 

a . • a a a • • * * 

MgO . a a a , a a a ' * 

KgO \ 

NaaO',;,.) ’ 

PgOij • , • ' ‘ : . • * 

SOg a ■ • ' ' * ' * . * • • ' ' * . ' 

OOg 


Insoluble silicates and sand . 
Organic matter and combined water* * 


11*25 

9*39 

0*26 

1*82 

1*79 

0*45 

0*06 

Ml 

0*44 

68*71 

5*83 


Total a 100*00 


* Containing total nitrogen a • . 0*050 

Available l^^Og 0*008 

„ KoO 0*041 


PAET I. 

A STUDY OF THE NITRATE CONTENT OP THE TOP 3 FEET OF SOIL OF 
VARIOUS PLOTS AT FREQUENT INTERVALS THROUGHOUT THE YEAR, 

After this study was started, it was found necessary to increase the scope of the 
experiment on two subsequent occasions and therefore the experiment must be 
separately described for each of these periods. 

Period (a). 21st June 1925— 8th April 1926. 

During this period two plots only were taken under observation. Both of these 
had been regularly cropped for years past with cotton and jnar {sorghum vulgare) 
in alternate years, except for an occasional crop of sann hemp {Crotalarm juncea) 
or Tuf {Cajamis indicus). One of them has received no manure in the history of 
the farm, certainly not during the past 25 years, and the other has received regularly 
every year a dressing of 4 tons per acre of cattle dung and in addition is topdressed 
during the growing season with nitrate of soda at the rate of 65 lb. per acre. The 
plots run north and south and each measures ^th acre in area. The yields on 
these two plots for the past 5 years have been : — 


' . ' .. ' ■ ■ ■ ' ■ 

Yield per acre lb. 


1922 

1923 

1924 

1925 

1926 


Cotton 

Jmr 

Sann hemp 

Cotton 

Juar 

Unmanurcd .... 

281 i 

7,005 

7,125 

375 

7,615 

Manured .... 

500 

13,365 

8,125 

660 

* 11,785 
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The yield of cotton refers to kapas, seed and lint, where 
refers to green fodder. The figure shown for sann hemp refers tc 
The plots are under-drained with tile drains at a depth of 2| h 
is bricked and the drainage of each area can be collected separately 


Pepioi) (6), 16th April 1926— 28th October 1926. 

It was felt advisable to include an uncropped plot in the experiment. This was 
done from 16th April 1926. Between the 2 plots already under experiment was 
an exactly similar plot also under-drained which had received no manure for many 
years past. This was divided lengthwise into two sub-plots. Both these plots 
were left fallow. One remained unmanured and the other received a dressing of 
cattle nianme on 16th June 1926 just before the rains. On this same date the 
manxued plot which was to be cropped also had a similar dipssing of cattle manure. 
The experiment, therefore, from now on included 4 plots. 

1. Uncropped unmanured. 

2. Uncropped manured. 

3. Cropped unmanured, 

4. Cropped manured. 


Period (c). 1st NovesIber 1926 to date, January 1927. 

It was decided at this date to study the effect of cultivation at the close of the 
rains on nitrate formation in the soil during the cold weather. The uncroppecl 
luimanured and uncropped manured plots were, therefore, again subdivided and 
one-half of each was cultivated as described later. 

Unfortunately, the land had been left too long and was too dry for efficient cul- 
tivation. Fortunately, a neighbouring field which was uncropped during the rains 
had been regularly cultivated at the close of the rains. It had been unmanured 
for years and was apparently similar in every way to the plots a,keady under ex- 
periment. It was decided to sample this plot regularly from 1st November 1926 
onwards with the other plots. It was left imcroppcd and is called plot III in the 
tables. Therefore from 1st November 1926 the following plots were under experi- 
ment : — 

L Unoropped unmanured imcultivated. 

2. Unoropped manured imcultivated. 

3. Cropped unmanured uncultivated. ' , 

4. Cropped manured uncultivated. 

5. Uncropped unmanured cultivated. 

6. Uncropped manured cultivated. 

7. Plot III uncropped unnianured cultivated. 
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The crop {jimr) was removed from 3 and 4 on ISth November 1926. No. 7 
differs from 6 and 6 in that it received regular cultivation after the rains ceased 
as though in preparation for a cold weather crop, whereas Nos. 5 and 6 were left 
too late and in consequence became too dry for efficient cultivation. They were 
weeded on 29th. October and broken up by a heavy plough on 29th October. They 
were baJehared^ on the 31st October. Very large clods were left and these were broken 
down by hand on 5th November. A clod crusher was rim over the land on 12th 
November, but even then the surface soil was simply a mass of large hard lumps. 


Methob of soil sampling. 

Owing to its heavy nature the soil is a difficult one to sample, especially when 
it is drying out. We have found the only practicable way is to take the top and 
fche second 6" sample with an ordinary cylindrical boring tube with sharp edges. 
For the next two portions of 6" each a large auger is employed and for the 5th and 
6th portions of 6'^ a smaller auger is used. It would be desirable to follow tl).e chan- 
ges in nitrate content to a greater depth than 3 feet, but "we have so far found no 
convenient method of sampling black cotton soil to a greater depth than this. At 
each sampling 4 borings were taken in each plot and they were combined to form 
one set of samples corresponding to each &' depth of soil. The borings were always 
taken on a line dxawm across the middle of the plots breadthwise and each subse- 
quent line of samples wus taken approximately 1 foot further south of the preced- 
ing line of samples. After about 6 months the line of sampling was shifted back 
to the original line and then sampling proceeded as before. Thus it will be seen 
that all samples were taken in a narrow rectangle running breadthwise across the 
plots and reaching approximately 10 or 12 feet lengthwise along the plots. 

In order to get an idea of the experimental error, the four sub-sam^iles were ana- 
lysed sejiarately in certain cases and the results of these analyses are given later 
(Table IV). 

Method of analysis. 

The samples were placed in airtight bottles in the field and removed to the labo- 
ratory as rapidly as possible. The samples w’ere in each case rapidly mixed and 
broken down in the laboratory. 50 grm. were weighed off for moisture estimation 
and dried for 12 hoius before weighment, a second weighment being taken after 3 
hours’ further drying. 

Nitrates. 

Nitrate was estimated by the phenoldisulphonic acid method. 100 grm. of the 
samj)le were placed in a wide mouthed bottle fitted wuth a rubber stopper and a 
small amount of gypsum together with 300 c.c. water was added. The stopper 


^ Bakkar — a bladed harrow. 
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was inserted and tlie bottle shaken until the sample was completely broken down. 
The disintegration oi the lumps was assisted where necessary by rubbing down 
with a rubber pestle. The liquid was filtered through Whatman’s No, 1 filter paper, ^ 
which does not absorb nitrate. A convenient volume of the filtrate usually 100 c.c,, 
the actual volume depending on the nitrate concentration expected, was evapora- 
ted to dryness in a porcelain basin. 2 c.c. of phenoldisulphonic acid was added, 
the residue being thoroughly wetted with the reagent. The basin was then heated 
on the water bath for 3 minutes, after which the contents were washed into a mea- 
suring cylinder with water. 10 c.c. of strong ammonia was added and the volume 
made up to 100 c.c. with water. After shaking, the cylinder was allowed to stand 
for 5 minutes and the depth of colour was matched against standard yellow glasses 
in a Lovibond’s tintometer— these glasses having been previously standardised 
against pure nitrate solutions. The phenoldisulphonic acid method of nitrate 
estimation has been frequently criticised, but om: experience of it is that when care- 
fully carried out, it gives results of sufficient accuracy for ordinary soil investiga- 
tions. The number of determinations carried out in our work was so great as to 
preclude the use of a reduction method which involved either the subsequent volu- 
metric measiue of nitric oxide, or a distillation of ammonia. 

Total nitrogen. 

This was determined by the ordinary Kjeldahl method on 20 grm. of the soil, 
copper sulphate and potassiiun sulphate being added in the usual manner. Moist 
samples of soil were always used as it has been shown in this laboratory that air- 
dry samples of heavy black cotton soil do not yield up the whole of their nitrogen 
in the Kjeldahl process.* In certain published work on nitrogen fixation, it would 
appear that the original soil has been analysed for total nitrogen in the air-dry con- 
dition. Various portions were then weighed off and left for varying periods with 
added amounts of water. The total nitrogen in these moist samples was then 
estimated and the increase foimd was ascribed to nitrogen fixation, whereas it could 
be largely accounted for by the difference in nitrogen content found by analysing 
the soil in the dry and moist condition. Early experiments on nitrogen fixation 
carried out in our own laboratory have been discarded, because it was not realised 
at the time that air-dry soil does not yield the whole of its nitrogen in the Kjeldahl 
process. 

Eainfall. 

A careful record of the rainfall was maintained throughout the duration of the 
experiment. The figures are given in Table V and are also plotted on the charts. 

1 Gimingham has shown that certain brands of filter paper absorb nitrates. Juur. Aari. Hci., 
Vol. XIII, pp. 60-62, 1923. 

* Bail, D, Jmr, Agru Sci,^ XV, pp, 454:-459, 1925. 
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Dbainage. 

A note was kept of the dates on which the drains were running and analyses 
were regularly made of the nitrate content of the drainage water. These results 
will be referred to in Part III. 

CtJLTUEAL OPBBATIONS. 

These are set out below. 

In the season 1925 the crop on the plots was cotton. The plots were all fallow 
throughout the cold weather 1925-26. The crop on the cropped plots in 1926 was 
jmr {sorghum vulgar e). 


1926. 



Manured jilot 

Unmaimred plot 

June, 7tii 

. 


Spreading manure 





• 

CO 

• 

• 

Bakharing • 




BaMiaring 

„ 18th 

• 

■f ■ 

99 , ■ 




99 

„ 19th 

« . ' 


Sowing . . 




Sowing 

July, Sth 

« 


Hoeing . • 




Hoeing 

„ 16th 



Weeding , 




Weeding 

August, 17th. . 

• 


.... 




Hoeing 

„ 20th 

• 


Top-dressing 




■ , , 

„ 22nd 

•i 


: Hoeing 





October, 27tli • 

• 


Cotton picking . 

m . 



Cotton lucking 

November, 26th 

• 


' 99 ' :■ 




9$ .99... 

December, 27th 

• 


99 '' 99 ' . . • 

• # 



9* 99. 
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Bakhariiig Miiimring 
and 

Bakharing 


Weeding and ploughing 
.'Bakharing'';, 


Clods broken by hand 
Glod enish^n' working 


Disc plougliing by tractor 

Bakharing by bullocks 

Bakliaring by tractc 

>r 

Manuring 

Bakharing 

Manuring 

and 


and 

Bakliaring 


Bakharing 

. . 

Bakharing 

by bullocks 


Harrowing 


- 

Sowing 

Sowing 


Weeding 


Harvestin 

1 

g ioddui* 


Bakharing 


Ilfarch 

3rd 

May, 

27th 

June, 

7th 


17tl] 

July, 

6th 


1926. 


Tractor Bakha- 
ring and 
Spring tooth 
cultivation 


Plot No, 


' * The results obtained are set out in the following tables. Table I gives the re- 

sults for the period (a) from 21st June 1925 to 6th April 1926, As already stated 
; two plots only were under experiment during this period, one being manured and 

; the other unmanured. The remarks column shows the dates of various cultural 

: operations, manurial applications, date of sowing, height of crop at various dates, 

. , , date of harvest, etc. The Table gives the water content of the. soil at each sampling 

; and also expresses the amount of nitrate in the soil. For convenience, this is ex- 

pressed in 2 ways, firstly as grm. of nitrate of soda per 100 grin, dry soil and se- 
. , , oondly as Ib. of nitrate of soda per acre. For the purpose of the second method 

of expression an acre of dry soil 6'' deep has been assumed to weigh 1,500,000 lb, 

'v'" ' ■ * ■ . . * ■ 


Sep., I2tli 


„ 24tb 


Oet., 19th 
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TABI.E I. Period (o), 


Showing nitrate and moisture content of soil throughout the year) 21st 
June 1925 — Sth April 1926. 


iVlANUEED :PIiOT 


Upimanijred plot 


JJsalSrOa ill dry soil 


I % Water 
on dry 
soil 


0034 

0019 

00094 

0011 

00 

00 


Grin, per 

Lb. per 

100 grm. 

aero ■ ' 

'0043 

64-3 

‘0014 

21-78'" • 

•0019 


•0017 


•0012 


•0012 

17*79,;:: 


I75-23 : ^ : 

•0025 

37*38 ^ 

•0071 

106*90 ■ 

•0045 . 


•0031 


•0031 

46-00 

•0023 

35‘13 


■■340*81 

•0017 

, 26'i7 

•0022 


•0004 


•0021 

U-11 

•0029 

■ 43^20^: 

1 *0045 

^ 67*12 :■■:'■■■,':•:■: 


, 29C-S8: : • : - ' 

•0022 

32-98 ^ 

•0026 

39-63 

•0039 

S8-02 

•0055 

82-81 ii 

•0034 

60-47 ;i 

•0033 

49-98 i; 


: 313-89^ ■' ;J::: 

*0018 


‘0017 

26*10 : 

•0013 

19*35 " : 

•0022 


•0021 

32*32 

•0022 

32-53 


169*56 











LOSS OF NITRATE FROM SOIL IN C, 1\ 


Table I. Period (a). 

Showing nitrate and moisture content of soil throughout the year 

8th April 1926— contd. 

I I Unmanured plot 


Manured plot 


NaNOg in dry soil 


NaNOg in dry soil 


Grin, per 
100 grni.j 


Lb. per 
acre 


Grin, per, 
100 grm. 


acre 


*00084 

•00099 

•00067 

•00069 

•0026 

•0040 


*00087 

•0010 

•00099 

•00099 

■00096 

•00094 


•00095 

•00093 

•0011 

•0011 

•00094 

•0013 


•0011 

•00081 

•00068 

•00068 

•00027 

•0011 


3rd August 1925 


00082 

00080 

00093 

00080 

0012 

0012 


ISfeli August 1925 


•00083 

•00071 

•00085 

•00083 

■0009C 

•00090 


0015 

00090 

00094 

00068 

00067 

*00054 


6-^12' 

12 ~~- 18 ' 

18 — 24 ^ 

24 — 30 ' 

30-^6' 


20th August 1925 
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Table I. Pbbiod (a). 

Showing nitrate and moist ure content of soil throughout the year , 21st June 1925- 

8th April 1926 — contd. # 


Bate 


27tii August 1925 


3rd September 1925 , 


10th September 1925 


letii September 1925 


23rd September 1925 


Depth 

Ukmabueed plot 

%Water 
on dry 
soil 

HaNOgi 

Grm, per 
100 grm. 

a dry soil 

Lb. per 
acre 

0—6^' 

41*5 

•00099 

14*85 

6—12'^ 

38*7 

•00076 

11*39 

12—18" 

37*9 

•00075 

11-32 

18—24" 

36*4 

•00054 

8*12 

24—30" 

37*5 

•00048 

7*17 

30— 3G" 

38*3 

•00055 

8*26 




61*11 

0—0" 

40*6 

•0010 

15*80 

6—12" 

37-9 

•00075 

11*31 

12— IS" 

37*5 

*00008 

10*25 


36*8 

•00088 

13*24 


36*3 

•00068 

10*14 

30—36" 

37*0 

•00075 

11*22 




71*96 

0— G" 

36*0 

.0011 

16*18 

6—12" 

33*4 

•00079 

11*85 

12—18" 

33*3 

*00072 

10*86 

18—24" 

33*6 

•00079 

11*88 

24—30" 

40*0 

*00078 

11*51 

30—30" 

38*4 

*00076 

11*36 




73*64 

U— C" 


*00085 

12*79 

6—12" 

32*6 

*00059 

8*82 

12—18" 

32*5 * 

*00059 

8*81 

18—24" 

34-1 

*00053 

7*95 

24—30" 

35-5 

•00047 

7*04 

30— ;56" 

33*4 

•00040 

6*91 




52*32 

0— G" 

37*0 

*00010 

15*30 

G— 12" 

32*9 

•00065 

9*83 

12—18" 

32*2 

*00072 

10-74 

18—24" 

32*9 

•00065 

9*83 

24—30" 

35*9 

•00067 

10*10 

30—30" 

37*0 

*00075 

11*22 




67*02 


Manubbd ' pboi?' 


% Wa ter 
oil dry 
soil 


41*3 

38*9 

38-7 

37'3 

38*6 " 

39*3 


40*1 

^i37*6 

36*5 

36-4 

37*2 

37*5 


36*4 

33*5 

33*1 

33*3 

37*6 

38*5 


31*G 

31*1 

30*8 

31*5 

35*3 

35*0 


34*0 

31*4 

30*5 

31*2 

35*4 

37*1 


[Orm. per Lb. per 
100 grm. acre 


NaNOg in dry soil 


•0014 

•0013 

•0012 

*00083 

•0010 

•0013 


*0013 

•0011 

•00088 

•00081 

•00075 

•00068 


•0011 

•0010 

•00079 

•00006 

•00008 

•00070 


•00097 

•00084 

•00058 

•00045 

•00040 

•00040 


•0012 

'OOOS4 

•00058 

•00045 

•00047 

•00095 


21*19 

19*70 

18*64 

12-28 

15*50 

19-79 


107*10 

19*92 

16*40 

13*20 

12*18 

11*24 

10*25 


83*19 

16*23 

15*81 

11*81 

9*87 

10*25 

10*34 


74*31 


14*57 

12*56 

8-08 

6*79 

6*03 

6*06 


54*69 


17-87 

12*60 

8*65 

6*77 

7*03 

14*30 
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Table I. Peeiob (a). 


Showing nitrate and moisture content of soil throughout the year, 21st J une 1925 

8th April 1926 — contd. 


Date 


2nd October 1925 


7th October 1025 




14th October 1925 


21st October 1925 


2StL October 1925 


Depth 

UNMANI711ED 

PLOT 

1 ■ Man trs'ED PLOT; 

%Watei 
on dry 
soil 

JShxKOa in dry soi] 

%Wato 

NaNOs 

r 

in dry soil 

Grin, pe 
100 grm 

Lb. per 
acre 

on dr} 
soil 

Grm. pe 
100 grm 

i' X-<b, ]3er 
acre 

f 0-6" 

28*9 

•00038 

5-OS 

31-9 

'00071 

10*71 

1 6—12" 

29*8 

*00051 

7*64 

28*4 

'00050 

7'53 

12—18" 

30-4 

•00051 

7-68 

28*2 

•00044 

0*58 

18—24" 

3M 

•00039 

5-80 

30-4 

•00070 

10*56 

1 24—30" 

35*1 

•00040 

6-02 

34*2 

'00053 

7*96 

t 30— 3G" 

37*1 

•00041 

6*13 

34*4 

*00046 

6*98 




38’95 



50-32 

f 0-6" 

27*5 

•00044 

6*54 

2 6-7 

•00062 

9*26 

6—12" 

20*7 

•00037 

5*56 

29-0 

•00057 

8*53 

12—18" 

28*2 

•00044 

6*58 

30*4 

•00045 

6*72 

18—24" 

31*3 

•00032 

4*84 

32*1 

•00039 

5-85 

24—30" 

36*1 

•00040 

6*07 

34*7 

■00033 

5*00 

L 30—36" 

36'2 

•00040 

6*08 

34 '5 

•00033 

4*99 




35*07 



40-35 

" 0—6" 

27*8 

•00044 

6*50 

24*8 

■00055 

8*18 

6—12" 

26*7 

•00037 

5*56 

25-7 

■00043 

6-42 

12—18" 

28*2 

'00031 

4-70 

30-3 

'00032 

4*79 

18—24" 

29*6 

•00025 

■3\Si 

30'0 

•00032 

4-78 

24—30" 

'■■33*9 , . 

•00033 

4*96 

33*3 

•00033 

4-93' 

30—36" 

■ 34*7 

•00033 

: 5-00 

; 29*5 

•00032 





30-59 



33*86 

0-6" 

31*1 

^ -00048 

7'2U 

30-7 

•00058 

^',;'8*67;.' 

6—12" 

30*1 

•00038 

5*74 

28*3 

•fX^038 

5*64 

12—18" 

29*7 

•00032 

4*77 

1>7'3 

'00031 

4*66 

18—24" 

31*3 

•00032 

4*84 

, 28*5 

•00025 

3-77; 

24—30" 

33*0 

•00033 

4-92 

34' 6 

'00027 

3-99 

30—36" 

35*0 

•00034 

5*03 

33*0 

'00026 

3*93 




32-5() 



30-<)0 

0 ~6" 

29*S 

•0013 

19-09 

28'6 

'0020 

30-20 

12" 

29*3 

*00076 

11-40 

27*2 

'00099 

14-89 

12-48" 

28*5 

•00063 

0'43 

26'1 

•00086 

12*89 

IS-* 24" 

29*9 

•00025 

3-82 

20*9 

*00056 

8*35 

24—30" 

32*9 

•00026 

3'93 

30‘7 

*00064 

9*63 

30—30" 

31*0 

*00020 

3*89 

31*9 

*<10058 

8*76 




51*56 



84*72 
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Showing nitrate and moisture content of soil throughout the yea‘i\ 21st J une 1925- 

8th Ajgfil 1926 — contd. 



Makuehd blot 


4tli November 1925 


nth November 1925 


25th November 1925 


2iid December 1925 


12tJi December 1925 


% Water 
on dry 
soil 


NaNOa in dry soil 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 
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Table I. Period (a). 


. Omnm »*«!« «»J «»**><'* “»*»* «/»»* 

8th April 1926 — coEtd. 


16th December 1925 


23rd December 1925 


0-- 6^ 
6^12'^ 
12 — 18 '^ 
18 — 24 ^ 
24 - 30 '' 
30—36" 


0 - 6 " 

6 — 12 " 

12—18" 

18—24" 

24-30" 

30—36" 


Unmakueed plot 


NaNOs in dry soil 


MAarUKED PLOT 


I NaNOs in dry soil 


% Water ' 1 % Water! 

on dry Grm. per Lb. per on dxy Gim. per Lb. per 
soil 100 Qvm, acre soil hoo grm. acre 


28th December 1925 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—30" 


Cth January 1926 


ICfch January 1926 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


0 — 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 



UNMASfUBED PLOT 


Manured plot 


Date 


NaNOg in dry soil 


NaNOg in dry soil 


% Water 
on dry 
soil 


Lb. per 
acre 


*00062 

*00074 


*00064 

•00098 


6i*I6 


15*85 

14*68 

12*95 

12*85 

11*53 

11*43 


89*30 


90*00 
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Table I. Peeiod la) 


Showing nitrate and moisture content of soil throughout the year^ 21st June 1925 

8th April 1926 — contd. 


J'q Water 
on dry 
soil 


0—6" 

23*4 

6- 

-12" 

22*3 

12- 

-18" 

21*0 

18- 

-24" 

23*1 

24- 

-30" 

26*5 

30- 

-36{' i 

26*2 


0—6" 

24*9 

6—12" 

27*1 

12—18" 

26*4 

18—24" 

27*2 

24—30" 1 

30*7 

30—36" ! 

31*8 


2lKt January 1920 . 


28th January 1926 . 


3rd February 1926 . 


i2th February 1926 . 


20th February 1926 . 


20*03 

8*53 

12*58 

10*71 

9*15 

9*04 


14*62 

10*99 

9*26 

9*51 

9*31 

7*47 


0--6" 

6—12^ 

12—18" 

18—24" 

24—30" 

30—36" 


26*6 

24*6 

28*7 

28*1 

31*2 

31*7 


0 - 6 " 

6 — 12 " 

12—18" 

18—24" 

24—30" 

30—36" 


25*6 

23*8 

24*6 

22*9 

23*4 

24*1 


0 — 6 " 

6 - 12 " 

12—18" 

18—24" 

24—30" 

30-36" 


22*1 

21*6 

20*7 

23*1 

25*2 

26*4 


23*0 

25*5: 

24*2 


25*3 

25*3 

26*7 

29*6 

27*2 

27*6 


27*4 

25*7 

26*6 

25*7 

30*5 


•00071 

*00061 

•00060 


00097 

00073 

00062 

00063 

00062 

00050 


*00096 

*0014 

*00090 


•0010 

00098 

00086 

00086 

00077 

00076 


iiiii 


mil 


mil 


mil 


mil 


iiiii 


nil } 


iiii 


lint 

















00072 

00072 

00091 

00084 

00075 ^ 

00089 


•00078 

•00074 

■00068 


•00054 

■00056 


'00079 

*00054 

•00053 

•00061 

•00009 

■00077 


•00070 

•00077 

•00072 

•00059 

•00060 

■00062 


•00077 

00060 

00060 

00062 

00063 

00005 


•00084 

•00059 

■00059 

*00060 

•00002 

•00062 


•00083 

00094 

00084 

00096 

00062 

00073 


LOSS OF NITRATE FROM SOIL IN C. F. 


Table !. Period (a). 


SJioiving mtrate and moisture content of soil throughout the year , 21st June 1925- 

8th Aprill926 — contd. 


2oth Fobruary 1926 


4th U&rch 1926 


10th March 1926 


18th March J926 


25th March 1926 


^ 18-^-24 

24—30 
i . 30—36 


0 — 6 ^ 

6 -~ i 2 ^ 

12 — 18 ^ 

18 — 24 ' 

24 — 30 ' 

30 — 36 ^ 


0 — 6 '' 

6 — 12 " 

12 — 18 " 

18 — 24 " 

24 — 30 " 

30 - 36 " 


0 — 6 " 

6 — 12 " 

12 — 18 " 

18 — 24 " 

24 — 30 " 

30 — 36 " 


Mantteed plot 


NaNOg in dry soil 


Grm. per Lb. per 
100 grm. aex’e 


8-01 

8-84 

8-03 

7 - 07 , 

S-15 

8*38 


10*53 

11*51 

10-74 

8*85 

9-94 

9*24 


60-01 


•OOii 

•0011 

■00077 

00059 

00060 
00078 


17*19 

16*70 

11*63 

8*90 

901 

11*65 
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Table T. Period (a). 

Showing nilmte and ni-ai shire content, of soil throughout the year, 21st June 1925 — 

8th April 1926 — ooneld. 


Diite 


;Ust .March 1920 


8fch April 1920 


IJnmanuked plot 


;^IA3^URED plot 




Beptli 

% Watei 
oil €iry 
soil 

IvTaNOg in diy soil 

% Water 
on drv 
soil 

E'aNOs in dry soil 

Grin, per 
100 grm. 

Lb. i^er 
acre 

Grni. per 
100 grm. 

Lb. per 
acre 

0 - (i'' 

10*2 

•0013 

20*19 

12*9 

*0015 

22-42 

9-12" 

22-0 

•00070 

11*45 

21*2 

•0010 

15*78 

12— IS" 

24-0 

•00060 

9*07 

23-2 

•0011 

16*09 

18—24" ■ 

24*4 

•00060 

9*06 

23*8 

•00084 

12-59 

24—30" ^ 

28*0 

•00069 

10*32 

25*6 

•00080 

12-82 

30 ~ 4K>" 

28*0 

•00075 

11*25 

25*9 

•00067 

10*11 




71*34 



89*81 

0—0" 

10*5 

•0013 

20*25 

9*3 

•0025 

36*88 

0—12" 

21‘9 

•00053 

7*95 

19*2 

•00091 

^■■■u.3*72vc:: 

12—18" 

23*6 

•00042 

6*29 

22*0 

*00053 

v,7*9lf:5:; 

18—24" 

22*0 

i -00047 

7*10 

23*5 

•00054 

-S-OS."::: 

24—30" 

25*6 

•00055 

8*24 

24*0 

•00054 

8*12 

30—30" 

27*6 

•00056 

8*41 

26*3 

*00055 

8*30 




.58*24 



83*05 


The above figures are expressed in diagrammatic form in Chart I. It will be 
seen that when the experiment was first started the soil already contained an ap- 
preciable quantity of nitrate. This is obviously due to the fact that several inches 
of rain had already fallen. A comparison of the moisture content of the samples 
taken on 21st June 1925 with those taken at the beginning of the hot weather on 
8th April 1926, ix., when the soil had been drying out for several months shows that 
the moisture in the lower depths was similar on both occasions. The rainfall up 
to 21st June 1926 had therefore only affected the moisture content of the top 6" 
of soil and it is in this top that the greatest increase of nitrate has taken place. 
In the case of the unmanured plot there was no nitrate at all in the 3rd foot of soil 
but the manured plot contained nitrate at each depth sampled. The manured plot 
is seen to contain much more nitrate than the unmanured plot. Before the second 
sample was taken on 25th June 1925, a further 2-3" of rain had fallen and this was 
sufficient to increase considerably the moisture at lower depths. This extra rain- 
fall also largely increased nitrification and both plots contained at this time their 
maximum nitrate content. 
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LOSS 03? NITRATE FROM SOIL IN C. P. 


The dtains under the plots did not start flowing until 8th July. The drains are 
laid at a depth of 2'-6'' and on 8th July when they first started running the layer 2 

^2'- 6'' deep held 32*5 and 34*4 per cent, of moisture in the manured a..nd nnmaiiurea 

plots respectively. On the 1st July these same layers held SOI and 29-8 cent, 
of moisture respectively and apparently drainage does not take place until is 
fimire is exceeded. Although the drains did not flow until July 8th, yet a considera- 
tion of the analyses made on 25th June and 1st July shows that the moisture was 
steadily moving downwards taking with it the nitrate formed at the surface. 

The drains ran practically continuously throughout July and the heavy rains bet- 
ween 7th and 13th July very largely depleted the nitrate stores in the soil. In the 
second half of July only a light sprinkling of rain was received. Nitrates again 
accumulated in the surface 6" layer of both plots. On the 29th and 30th there was 
a fall of about 5" of rain and the samples of 30th July were taken after this. It will 
be seen that the soil lost nearly all its nitrate. There appeared to be some increase 
in nitrates in the samples taken on the 13th August, but in general from t is ^ ^ c 
onwards no further accumulation of nitrate took place in the soil. By October 
the surface soil had dried considerably. On October 16th a fall of If" rain occurred 
and there were further light falls on 20th and 28th October. An appreciable in- 
crease in the soil nitrate especially in the surface 6" occurred as a result of these falls 
of rain. The chart will show other cases where a light fall of rain was followed 
subsequently by an increase in soil nitrate, e.g. the rainfall at the begimiing of January 
is obviously connected with the nitrate increase in the samples taken on 16th January 
and subsequent dates and the increase in nitrate at the end of March and in April 
is also connected with the light rainfall received just previously. 


Conclusion. 

A consideration of the above results brings forth several definite points ; ■ 

(1) Shortly after the onset of the rains nitrification becomes very active. 
The TyigvinmTn amount of nitrate in the top 3 feet of soil was found 
on 26th Jmre after about 6" of rain had fallen. The unmanuxed and 
manured plots contained nitrate nitrogen equivalent to 240 lb. and 
340 lb. nitrate of soda per acre in the top 3 feet respectively. Since 
the crop was sown on 19th June the presence of such large stores of 
nitrate in the soil at this particular time appears to be useless to 
the crop especially as only 30—40 lb. of it is present in the top 6". If 
the crop could be sown earlier so that the plants are large enough to 
take advantage of the large stores of nitrate present at this time 
it would be of great advantage but unfortunately moisture conditions 
in the soil are rarely favourable for the very early sowing which 
would be necessary to enable the crop to develop in time to profit by 
the large stores of nitrate produced early in the rains. 
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(2) Tte effect of a keavy fall of rain in depleting tke nitrate found in the soil 

is well seen in the Chart. Top-dressing with nitrates should obviously 
be clone immediately after such heavy falls, as the growing crop is 
likely to be short of nitrate for some time after they occur. 

(3) There appears to be a large loss of nitrate from the top 3 feet of soil dur- 

ing the rains. One can compute from Table I roughly the amoimt of 
nitrate of soda which is lost from the soil presumably by drainage 
during the duration of the experiment. The figures are roughly 480 
and 620 lb. of nitrate of soda per acre for the unmanured and 
manured plots respectively. These figures have been obtained by 
noting the first maximum amount of nitrate found, viz., on 25th June 
there were 240 and 340 lb. nitrate of soda present per acre in the top 3 
feet of soil On the 15th July these amounts had diminished to 131 
and 169 lb, nitrate of soda a loss of 109 and 171 lb. respectively. 
On 22nd July the nitrate had increased to 188 and 284 lb. respec- 
tively and had diminished to 69 and 94 Ib. by 3rd Augusta 
further loss of 119 and 190 Ib. respectively. Proceeding in this way 
the total loss of nitrate of soda per acre from the unmanuxed and 
manured plots is found to be roughly 480 and 620 lb., respectively. 

The results for the period (6), viz.^ 16th April 1926 and 28th October 1926, are 
set out in Table II. Kiis table is set out in the same manner as Table I but as 
explained previously four plots were under experiment during this period. 
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LOSS OF NITRATE FROM SOIL IN 0. F. 


Table II, 

Showituj nitraie ctnd moisture cont&ut of soil throughout 


UNCBOPPED AREA 


Date 


IGth April U)20 


SOtli April 1926 


I3tk May 1920 


21st May 1920 


24th May 1920 




Depth 


J 


1 


0— 0 
0-1 2 
12—18 
18—24 
24— ao 
30—36 


( 0—6 
6—12 
J 12—18 

^ 18—24 

I 24—30 
30—36 


1 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30'*' — 30 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30—36 


f 0-6 
6—12 
J 12—18 

^ 18—24 

24—30 
30-36 


Unmajitjerd plot 

Manured pu)T 

% Water 
on dry 
soil 

NaNOg ill dry soil 

% Water 
on dry 
soil 

NaNO,.j „ in dry soil 

Grm. per 
100 grm. 

lb. per 
acre 

Grm. per 
100 grm. 

lb. jier 
acre 

6*9 

•0012 

17*89 

8*5 

•00076 

11*34 

18*8 

*00068 

10*25 

20*8 

*00035 

5*24 

23*2 

•00030 

4*47 

23*0 

*00024 

3*57 

23*8 

■00030 

4-50 

25*2: 

•00024 

3*65 

24*4 

•00030 

4*53 

.,26*2 

*00018 

, 2*77 , 

. . 24*4 

•00030 

: 4*53' 

■^28*4,, 

•00031 

4*71 



46*17 



31-28,,,. 

9*5 

*00067 

10-01 

lO-O 

„ *00059 

8*92,' 

23*6 

•00042 

■6*28',' 

21*4 

, *00024 

:'3*57'" 

27*4 

•00034 

5*15 

29*2 

•00015 

2-27 

30*2 

•00032 

4*79 

28*4 

•00019 

2-80 

34*4 

•00033 

4*98 

27*1 ■ 

•00023 

,'.,3*45'.' 

28*4 

•00031 

4*71 

27*6 

•00027 '■ 

:4*C'l 



35*92 



, 25*08^':; 

9*1 

*0010 

15*31 

10*0 

•0010. 

15*48,"' 

19*5 

•00057 

8*61 

20*0 . 

. *00069 

, M0*38..'^ 

23*0 

*00048 

7*14 

24*9 

•00030 

5-46 

28*2 

*00050 

7*52 

28*7 

■■ *00050 

7*56 

30*6 

•00038 

5*77 

' "28*2 

■ ■ *00044 

6*58 

30*6 

*00045 

, ; . 6*73 

.30*iv: 

•00032 

4*79 



51*08 i 



50*25 

29*2 

*0025 

,22*77 ■ 

' 32*4""! 

■ -0014 i 

21*52 

26*8 

•0033 

50*07', ■ 

31*3' i 

•0015 

23*25 

26*6 

•00055 

8*33 

28*8 

•00050 

7*57 

28*2 

•00057 

" 8*52 

27*4 ' 

*00050 

7*46 

27*0 

00056 

8*36 

20*2 

*00049 

7*37 

26*1 

*00055 

8*29 

27*9 

*00050 

7*50 



106*34 



74*67 

25*6 

•0026 

38*47 

27*6 

■0035 

51*30 

17*2 

•00095 

14*26 

25*6 

•0016 

24*73 

21*1 

•00064 

9*83 

22-S 

•00095 

14*26 

24*9 

*00073 

10*92 

25*5 

•0006 1 

9*15 

28*3 

*00063 

9*41 

30*6 

•00064 

9*61 j 

30-9. ■ 

*00064 

9*64 

27*4 

•00062 

9*33 



92-i)3 



119*38 



■00039 

•00040 


■00003 

•00053 

■00030 

•00030 

■00038 

■00044 


■00038 

■00030 


0011 

00090 

00058 

00051 

00048 

00043 


•0010 

•00050 

‘00042 

•00043 

*00036 

*00036 


•002 

.0012 

■0011 

■00099 

■00050 

■00063 


0012 

0015 

00075 

00076 
00058 
00058 


•0032 

•0013 

•00083 

•00066 

•00069 

•00085 


■00068 
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PEEIOJD (b). 

the ‘period 16th April— -28th October 1926, 


CEOPPEB AEEA 


Unmai^ueeb plot 


Manubei) plot 


NaNOg in dry soil 

Water on ' 

dry soil Gj-h,. per 100 Ib. per 
grm. acre 


% Water on 

dry soil Grm. per 100 Ib. per 

arm, acre 































p 



CROPPED AREA 


Ma>"UEED plot 


Ukmantjeeo plot 


JJ^aNOg in dry soil 

Grin, per lb, j^er 
100 grm. acre 


% Water on 
dry soil 


iSfaNOs in dry soil 


lb. per 
acre 


Grm. per 
100 grm. 


'0050 

*0015 

•0011 

*00095 

•00050 

•00007 


*0017 

•00090 

•00058 

•00059 

•00054 

*00054 


•0033 

'0015 


35-63 

10-58 

13-05 

13-90 

0-50 

8-50 

88-81 

34-32 

1109 

8-09 

7-05 

7-42 

13-68 

81*65 


21*2 

18*1 

23*8 

22'9 

28-1 

20-0 


12'0 

18-0 

21-0 

22*9 

24*7 

‘ 24*0 


11*9 

14-3 

24*0 

25*5 

24*7 

25*8 


20*8 

27*4 

27*7 

27*4 

301 

28*3 


22*9 

28 *« 

25*8 

30*1 

30*9 


71*82 

22*05 

16*20 

14*27 

8*44 

10*12 

142-90 

25*54 

13*56 

8*74 

8-92 

8-17 


73-04 

49-00 

21-96 

9-92 

9-14 

6 - 36 
8*27 

104-71 

68*13 

27*99 

12-16 

7 - 46 
6-70 
7*53 

129*97 

86*79 

32*13 

15*03 

11*93 

10*53 

9*64 

166-05 


•0024 

■00071 

•00091 

•00093 

•00044 

•00057 


-0023 

•00074 

•00054 

•00047 

'00049 

*00091 


•0031 

*0016 

•00088 

•00080 

*00076 

•00051 


•0026 

*00097 

•00049 

*00037 

•00031 

*00031 


•0026 

•0016 

•00090 

•00091 

•00050 

•00051 


46*50 

23*76 

13*26 

12*01 

11*37 

7*63 

114*53 

38*49 

14*59 

7*40 

5*61 

4*68 

4*70 

75*47 

38*25 

24*31 

13*45 

13*67 

7*55 

7*63 

104*86 


*0045 

•0019 

•OOOSl 

•00050 

•00045 

•00050 


•0058 

•0021 

‘0010 

•00079 

*00070 

•00064 
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PEEiOD (b) — conid. 

th^jieriod 16th April — 28th Octcber 1926 — eoBtd. 











loss Of NWEATl: PfiOM SOU IN C. P. 


Table II, 

Showing mtraie and nmsture content of soil throughout 


UKCBOPPED AREA 


UMMAJITraED PLOT 


Mancjkbd plot 


NaNOj in dry soil 


NaNO. 


% Water 
on diy 
soil 


Grm. pei 
100 grm. 


Grm. pel 
100 grm. 


b. per 
acre 


•0033 

•0013 

•00048 

■00091 

■00042 

■00060 


■0047 

0013 

00058 
0015 

00059 

00060 


•0014 

•0022 

•0023 

•0021 

•0012 

■00091 


•00007 

•00080 

•00082 

•0010 

•0019 

■0018 


•0012 

•0010 

•00076 

•00083 

•00079 

•00067 


•0016 

•0011 

•00066 
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the period 16th April — 2StIi October 1926~—CQixtA 


OKOPPEl) AREA 


Manured plot 


Unman CTKED plot 


Na^SrOa in drv soil 


). per 
acre 


‘0004a 

‘00037 


•OOiS 

*0025 

•0034 

•0019 

•0018 

•0018 


•0017 

0013 

00094 

0015 

00075 

0020 


0020 

0014 
00092 
0013 

0015 
0012 


0043 

0013 
0009 ; 
0017 
0015 

0014 


XaNOa in 

dry soil 

Grm. per 100 

lb. per 

grm. 

acre 

•0027 

40'84 

•0010 

23*82 

*00000 

8*95 

•00067 

10-12 

•00049 

7'33 

•00049 

7'33 


98'39 

•0011 

16'57 

•0023 

34'17 

*0028 

41*67 

•0027 

41-11 

•0012 

18-06 

•0012 

18*19 


109-77 

•00083 

12*39 

*0010 

15'21 

•00065 

9-79 

'00062 

9*32 

•0011 

16*05 

•0012 

18*76 


81 '52 

•0014 

21'60 

*00099 

14'90 

'00078 

11*82 

•00080 

12*06 

'0011 

16*77 

•0018 

26*82 


103*97 

'0016 

23*50 

'0011 

16*56 

•00079 

17*91 

•00080 

12*04 

'0010 

15*30 

'0012 

17*61 


102-98 















UNCROPPED AREA 


Depth. 


Manuked plot 


UNMA3S^URED plot 


NaNOg in dry soil 


% Water 
in dry 
soil 


NaNOs in dry soil 


% Water 
on dry 
soil 


ib. per 
acre 


Grm. per 
JOO grm. 


lb. per 
acre 


Grm. per 
100 grm. 


49-81 

40-93 

44-55 

42-01 

32-68 

31*83 


247*81 


•0026 

•0016 

•0014 

-00073 

•0010 

•00090 


31-6 

31-9 

31-9 

35-1 

33-2 

31-3 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30—36 


39-82 
24-34 
21-48 
10-32 
15-76 
13 *»3»-) 


34*3 

32-4 

31-3 

34-8 

37-1 

37-8 


•0033 

*0031 

•0030 

•0028 

•0022 

•0021 


18-61 

15-00 

14*25 

18-64 

20*89 

20-64 


16-96 

16- 41 
15-65 

17- 61 
21*24 
26-28 


114-05 


13-60 

13- 55 
12*28 
12-57 

14- 89 
20-43 


16-59 

14-30 

11-29 

10-41 

16-71 

25-95 


■0012 

•0012 

•0010 

-0010 

•00086 

■00087 


•00097 

■00094 

■0011 

■0010 

■0012 

■0012 


•00084 

•00080 

•00067 

•00069 

•00063 

-00082 


39*5 

37-6 

36-4 

35-3 

33*6 

35-5 


38- 9 
36-1 
35*6 
37*6 

39- 5 
38-9 


40*7 

35-1 

35-7 

30-i 

40-3 

37-6 


38-2- 

34-9 

37-9 

37*8 

40-1 

37-0 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30—36 


0 — 6 
6—12 
12—18 
18—24 
24-30 
30-36 


0— C 
6-12 
12—18 
18—24 
24—30 
30—36 


0 — 0 
6—12 
12—18 
18—24 
24—30 
30-36 


18-76 

18-47 

15-21 

15-57 

12- 85 

13- 08 


14*52 

14- 15 
16-11 

15- 42 
18-76 
18-68 


97-04 


12-05 

12*04 

10-08 

10-39 

9-44 

12-31 


60-91 


17-50 

12-01 

10*28 

10-27 

10-47 

10-19 


70-72 


38- 4 
34-7 
36*8 
38-6 

39- 6 
38-4 


41*2 

39-6 

38-9 

38-8 

41-5 

40'5 


39-9 

39- 5 
37-4- 

40- 1 

41- 6 
43-! 


39-0 

37-1 

37*6 

39-3 

39-6 

39-0 


0012 

0010 

00095 

0012 

0014 

0014 


0011 

0011 

0010 

0013 

0014 
0017 


00091 

00090 

00082 

00084 

00099 

0014 


0011 

00095 

00075 

00069 

01^11 

0017 


29th July 1926 ^ 


9th August 1926^ 


14th August J 

192G. 1 


19th AugustJ 
1926. 1 


24th August J 


0012 

00080 

00068 

00068 

00070 

00068 
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PEEIOD (6) — contd. 

the period 16th April — 28th October 1926 — contd. 


CROPPED AREA 


U:SMANUEED PLOT 


NalSTOg in dry soil 


Makueeb plot 


% Water 
on dry 
soil 



0 














LOSS OF NITBATE FROM SOIL IN C. F. 

Table II, 


Shmiig nitrate and, moisture content of soil througJimt 



' UNCBOPPEDAEEA 


i XjNi^XANUIUiJB PLOT 

MASiTOEI) I’LOT 

.OiitO 

Doi)tll 

( 

— 

NaNOs in dry soil 


NaNOa indrysoU 

Water - 
on dry 
soil 

Grm. per 
100 grm. 

lb. per 
acre 

on dry 
soil 

::^rm. per 
100 grm. 

lb. per 
acre 

: r 

2ad SepfcemberJ 
1026. 1 

1 

0— 0 
6—12 
12—18 
18—24 
24—30 
30—36 

38*1 

36-3 

3S-7 

39*7 

36'9 

36*2 

*00082 

*00008 

*00069 

*00070 

•00054 

•00007 

12*36 

10-14 

10-35 

10-47 

8-14 

10-12 

40*5 

36*8 

37*3 

37- 6 

38- 8 
37*9 

•00098 

•00075 

•00061 

•00068 

•00069 

•00002 

14.72 

11*19 

9-21 

10-26 

10-37 

9-25 

V. 










61*58 



65-00 

Stli SeptemberJ 
1020. '1 

0-6 

6—12 

12—18 

18—24 

24—30 

30—36 

37*4 

34-1 

34-6 

37-4 

39-0 

37*1 

•00095 

•00079 

•00073 

•00061 

•00056 

•00075 

14-33 

11-92 

10- 97 
9-21 
8-37 

11- 24 

37*3 

36*5 

34*8 

35-1 

41*4 

41*8 

•0010 

•OOOSl 

•00067 

*00067 

•00071 

*00085 

15-33 

12*19 

9*99 

10*03 

10*62 

12-78 




66-04 



70-94 

IGtb. SoptomberJ 
1926. 

1 

) 0— 6 
i 0—12 
12—18 
18—24 
24—30 
30—36 

34-4 

32*3 

34-1 

30*0 

39*9 

39*5 

•00093 

•00071 

•00053 

•00054 

•00063 

•00076 

13*95 

10*72 

7*94 

8*09 

9*46 

11*46 

36*4 

33*0 

33*4 

34*7 

37-9 

38*1 

-0020 

•0010 

■00053 

•00053 

•00062 

•00069 

30-42 

15-72 

7-00 . 

7-99 

9-24 

10-29 





61-02 



81-50 

22iid September^ 
1926. 

0—6 
6—12 
12—18 
j 18—24 

1 24—30 

t 30—36 

34*7 

31*6 

34*1 

35*6 

39-8 

40*7 

•0021 

•00071 

•00000 

•00074 

•00056 

•00070 

31*02 

10*66 

8-94 

11*08 

8‘35 

10*54 

35-S 

34-4 

34*4 

33-6 

39-0 

38*3 

•0024 

•0010 

•00071 

*00053 

•00077 

•0014 

35*34 

14*04 

10*60 

7-90 

11-51 

21*67 





80-59 



101-06 j 

28tli September 
1926. 

r 0—0 
0—12 

J 12—18 

> 18—24 

24 — 30 
^ 30—30 

32*8 

32*5 

33*9 

36*4 

37*9 

41*0 

•00078 

•00046 

•00040 

•00034 

*00048 

•00070 

11-76 

0-84 

£1*94 

5-07 

7-20 

10-58 

33 '9 
32*8 
34- i 
33*5 
37*3 
40*6 

•0011 

■00052 

•00046 

•00053 

•00041 

•00056 

15*84 

7*84 

6*95 

7*90 

6*14 

S*44 


r. -A-:; 



47*39 



53-11 
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PBBIOD (&) — contd. 

the period 16th April — 28th October li)26 — contd. 


OBOPFEU AREA 


IT K:MA N UllED 1‘LOT 


MAis CTilE-D I'LOT 


NiiNO-j ill clrv soli 


on dry soil Grni. itcr lb. per 

100 i^rm. acre 











Manubed blot 


NaKOg in dxy soil 


NaNOs in dry soil 


% Water 
on dry 
soil 


Grm» per lb. per 
iOO grni. acre 


acre 


36*1 *0014 

33*2 *0010 

32*8 '00052 

32*6 ‘00046 

36*6 *00041 

38*1 *00069 


35*3 *0013 

33*1 *00092 

33*9 *00059 

36*5 *00054 

38*1 *00055 

40*1 *00056 


‘00091 

•00065 

*00040 

*00041 

•00041 

•00056 


32-1 *0012 

32*5 *00065 

33*5 *00059 

36*1 *00054 

36*9 *00054 

38*6 *00090 


toss 5F NiTBATE FkbU SOIL liST 0. P 


Table IIj 


Showing nitrate and moisture content of soil throughout 


UNCBOPPED AEEA 


Unman EBED plot 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30—36 


t3th October^ 
1926. 


26*0 

30*5 

32*7 

34*7 

36*5 

36*7 


22*8 

26*3 

32*5 

34*2 

35*5 

36*0 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30—36 


0 — 6 
6—12 
12—18 
18—24 
24—30 
30' — ^36 


•00067 

•00050 

•00039 

*00033 

*00034 

•00041 


•00059 

•00050 

•00019 

•00033 

•00041 

*00034 


7-46 

2*91 

4*93 

6*16 

5*04 


35*32 


25*2 

27*3 

32*8 

35*5 

36-8 

38*0 


21*9 

27*3 

31*5 

33*4 

37*8 

35*9 


10*03 

7*47 

5*88 

5*02 

5*08 

6*17 


00062 

00038 

00033 
00040 

00034 
•00041 


•00053 

*00043 

*00039 

•00033 

*00033 

•00034 


20th October 
1926. 


28th October 


9*25 

5*77 

4*89 

6*00 

5*07 

6*10 


8*02 

6*45 

5*86 

4*97 

5*03 

5*05 


66*86 









185 





186 


LOSS OF NITRATE FROM SOIL IN 0. P. 


The above figures are set out diagrammatically in Chart II. 

The first interesting point in regard to the above ta,ble arises out of the first 
two sets of analyses carried out on 16th April 1926 and 30th April 1926 respectively. 
By comparison with the figures for the same plots in Table I, it will be seen that 
between 8th to 16th April 1926 a distinct loss of nitrate has taken place in these 
plots and on 30th April 1926 the loss is much greater, being particularly marked 
in the surface 6", Since there was no drainage at this time and no crop on the 
iand, the nitrate has either suffered denitrification or has undergone transformation 
into some other compound. 

The slight falls of rain in early April amounting to about V in all have caused 
a distinct increase in the nitrate content of the soil sampled on 13th May 1926. 
Yet at the date of sampling, the surface soil only contained from 9 to 10 per cent, 
moisture. This is too low a content to allow of nitrification and it would appear 
that nitrification must be a fairly rapid process and that the rain falling between 
7th and 12th May was sufficient to raise the moisture say of the top 1 or 2" of soil 
to the necessary content for nitrification and that this process set in almost 
immediately. 

Before the next sample was taken on the 21st May nearly 5'^ of rain fell. This 
amount of rain at such a date is abnormal at ISTagpur. It is interesting to note that 
it only affected the moisture content of the top 18"' of soil. On the umnanured 
plot set apart for cropping, it appears to have affected the moisture content through- 
out the top three feet when the figures are compared with those of the sample taken 
on the 13th May. These latter figures appear to be low, however, and comparison 
with the sample taken on 16th and 30th April indicate that this 5"' of rainfall has 
not affected the soil below 18" in depth. 

The nitrate content of the soil showed a large increase as a result of this 5" fall 
of rain. On the 21st and 22nd May there was a further fall of f" of rain. The plots 
were again sampled on the 24th May and the top 18" of soil had dried out con- 
siderably as a result of the 2-| days intervening dry weather. The nitrates, 
however, still further increased in amount and Chart II indicates clearly that this 
extra nitrate formation . has taken place in the top 6" of soil. Moreover, it is 
obvious that more nitrification has taken place on the manured than on the 
unmanured plots. There was practically no more rain until the 1st July except for 
a few very light showers. The soil steadily dried out as evidenced by all the 
samples taken up to and including those of 9th June. The nitrate remained 
fairly constant from 24th May to 1st June except for a large gain in the surface 
6" of the manured plot destined for cropping. In the sample taken on the 4th 
June this plot again behaved abnormally losing about I its nitrate in 3 days, 
whereas the nitrate content of the other plots remained fairly constant. The loss 
of nitrate in this one plot was undoubted, being far outside the experimental 
error and is difficult to account for. After this date there was in general a fairly 
steady gain in nitrate in all the plots right up to the end of June. Yet the 
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moisture content of tlie surface soil tliroughout tMs month, was usually between 
12 and 16 per cent. Black cotton soil with this content of moisture appears very 
dry and work in this laboratory in the past has indicated that no nitrification 
takes place in the soil when the moisture content is as low as this. But in the 
I field nitrification obviously does take place under these conditions. In the 

% samples taken on 16th June, there is a distinct increase in the nitrate content 

over those taken on the 9th June and it seems hardly possible that this increase 
could have been due to the *05'' of rain received on the night of the 15-1 6th 
June—a few hours before the samples of the 16th were taken. The figures and 
Chart for June again show clearly that the nitrates are being formed, mainly in the 
top of soil and that the manured plots are richer in nitrates than the unmanured 
plots. 

The rains broke in full force early in July and approximately 12'^ of rain fell 
between the 1st and 9th July on which latter date the next samples were taken. 
The Table shows that on this date the moisture content throughout the whole 
3 feet depth was uniform in the case of each plot, running from 35-40 per cent. 
The nitrate was more or less evenly distributed throughout the 3 feet layer of soil, 
as is well seen in Chart II. There was, moreover, a still further increase in the total 
nitrate content of the soil. This increase probably took place between the date of 
the last sampling 30th June and the heavy rainfall recorded at 8 a.m. on the 4th 
July and possibly to some extent on the 6th and 7th July when there was a slight 
break in the rains. The drains began running on the 10th July and this flow was 
kept up in full force by a further fall of over 6" of rain before the next samples were 
taken on the 14th July. A large amount of nitrate passed away in the drainage 
water and no doubt much more passed below the reach of the drains. In conse- 
quence, the nitrate content of three of the plots stiffered a large loss ; yet strangely 
enough the uncropped manured plot showed an actual gain of nitrate. Only a few 
light showers fell between the 14th and 19th July, on which latter date the next 
samples were taken. The drains ceased to flow on the 16th and did not run again 
until early in August. On the 19th July the moisture content of the top one foot 
of soil was 3 to 6 per cent, less than on the 14th July. Nitrification had obviously 
restarted as shovm by the increase in the nitrate content of the top 6" in each 
plot. There was distinctly less nitrate in the bottom foot of the uncropped un- 
manured plot than was present on the 14th July. Except for a very light shower 
of *03" on the 23rd, no rain fell between the 19th July and the date of the next 
sampling — 24th July. Nitrification had gone on distinctly in the top 6'' in ail cases 
as shown by the increase in nitrates in that layer and this was particularly ma.iked 
in the two manured plots. The uncropped manured plot, however, showed a loss of 
total nitrate in the whole 3 feet since the previous sampling. Since there was no 
drainage at this time, it would appear that denitrification has taken place. 

Nearly an inch of rain fell before the date of the next sampling on the 29th July 
and on this date there was a considerable increase of idtrate in all the plots since 
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tlie previous sampling. The 1" of rain, however, had washed a good deal of the sur- 
face nitrate down into the second foot. 

A further 6'^' of rain fell before the next samples were taken on 9th August. The 
flow from the drains restarted on the 4th August. 

It will be seen from Table II and from Chart No. II that much loss of nitrate 
had, taken place from the soil Eain fell more or less continuously throughout 
the montb, the drains ran regularly and the nitrate content of all the plots showed 
a steady fall throughout August. From the 23rd to 26th of the month there w^as a 
slight break in the rains and in the samples taken on the 24th a very slight recovery 
of the nitrate content was indicated. Throughout the whole of August the moisture 
content in all the plots through the top 3 feet was almost always over 35 per cent, 
and frequently reached 40 per cent. 

The drains were still running feebly when the next set of samples was taken on 
the 2nd September and a further slight diminution of the nitrate content of the soil 
was observed. The crop at this time was now becoming quite big and throughout 
September and the flrst half of October the nitrate content of the cropped plots 
was steadily less than that of the uncropped plots. The difference w'as small but 
we think significant and it is especially apparent if the top foot of soil only is consi- 
dered. It is only natural as the roots of the cotton plant are probably mainly dis- 
tributed in the top foot of soil Drainage ceased after about the 4th September. 
There was a fall of 2" of rain on the 10th of this month and a few light showers a 
few days later. The effect of this rain 'was distinct in increasing nitrification in the 
surface in the samples taken on the 16th and 22nd September. There was practi- 
cally no more rain till the 3rd October and there was no flow from any of the drains. 
Yet when the next sample w^as taken on the 28th Sej)temher all 4 plots had suffered 
a heavy loss of nitrate. In the case of the cropped plots one might have expected 
this, but in the case of the uncropped ones it is difficult to account for this loss 
unless we assume that denitrification was taking place. There w'as a fall of of 
rain on the 3rd October and this caused a small amount of nitrification as shown by 
the analyses made on the 5th of that month. 

No rain fell after the 9th October and when samples were taken on the 20th Octo- 
ber, only very small amounts of nitrate were left in any of the plots. By this time, 
the water content of the soil had considerably diminished, the surface soil in parti- 
cular having lost a large amount of water. 

Conclusions, 

The comparison between the figures for 1925 and 1926 is not complete, since 
in 1925 the first samples were not taken until 21st June, whereas the 1926 series 
began in April. The maximum nitrate content of the plots was reached very quickly 
in 1925, viz., on the 25th June. This was probably due to the frequent light showers 
in May and to the almost regular showers with no excessive falls in the first 3 weeks 
of June. The increase in nitrate in 1926 was much less sudden and all through- 
out 1926 the plots contained distinctly less nitrate than in 1925, This is probably 
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due to the fact that July 1926 was much, wetter than July 1926, 21" and 15‘6" of 
« rain respectively falling in these 2 months. The rainfall in July 1926 was also 

more or less continuous and the continual drainage through the soil did not allow of 
the accumulation of nitrates even if they were actually formed. 

2. The loss of nitrate on each of the four plots can be computed in the same way 
as was done on page 173 for period (a). 

The losses are as follows in lb. nitrate of soda per acre. 

' Unmanured uncropped plot— 229. 

Manured uncropped plot— 348. 

Unmanured cropped plot — ^268* 

I Blaniired cropped plot — 374. 

These figures are distinctly less than the losses in the previous year. These 
figures are, of course, much lo-wer than the actual losses which take place since we 
have’ only taken note of large losses and also our analyses were not done at sufficient- 
ly short intervals to follow all the changes in nitrate content which take place. 

From a consideration of the foregoing results, it would appear to be indicated 
that nitrification takes place only in the ra,ins and that at the end of the rains when 
V the soil dries out, the process ceases. In our experiments it would appear that the 

i heavy rains washed out the nitrate and from other causes also the nitrate diminished, 

so that during the cold weather only very small amounts of nitrate were present 
in the soil. In our experiments, however, the crop was not removed till mid Novem- 
ber and hence the land received no cultivation after the cessation of the rains. 
Under normal conditions, however, if a cold weather crop is to be sown, the land is 
harrowed and ploughed after the rains in preparation for that crop. It appeared 
necessary to see whether under these conditions any nitrate was present in the soil 
in the cold weather. The effect of this is seen in period (c). 

Period (c). November Isr 1926 to date (January 1927). 

As explained on page 158 the following plots were included in the experiments 
from November 1st onwards. 

^ 1. Uncropped unmanured uncultivated. 

2. Uncropped manured uncultivated, 

3. Cropped unmanured uncultivated. 

4. Cropped manured uncultivated. 

5. Uncropped unmanured cultivated. 

6. Uncropped manured cultivated. 

7. Plot III, uncropped unmanured cultivated. 

Plots 1, 2, 3 and 4 were the same plots as had been sampled in period (6) and 
plots 6 and 6 were portions of plots (1) and (2) respectively. As above stated, the 
cultivation on these was very deficient as it was taken in hand too late. 

The results are set out in Table III and in the Chart II. It will be seen from tho 
Table that all the above 6 plots were not sampled at each sampling. Thus on 




LOSS OF NITBATB FROM SOIL IN 0. P. 


Table 


Period 


OTCKOPPED AREA 


Cultivated 


Uncultivated 


Unsianueed 


Manured 


Unmanured 


NaNOa in dry soil 


NaNO, in dry soil 


% water 
^ ^ on dry 

T.b. per soil 
acre 


% water 
, on dry 

Lb. per soil 
acre 


^ water 
on dry 
soil 


Grm. per 
100 
grm. 


Lb. per 
acre 


10-1 -00069 10-3 


20-9- -00087 


27-2 -00043 


1-9 2S-4 -00038 


30-0 -00013 


12—18 30-5 -00032 


November- 


29*4 -00032 


•00034 


■00033 


5-0 30-3 -00032 


5-2 36-1 -00034 


39-9 *00034 


4-9 27-5 -00031 


6-2 33-5 -00033 


38-5 -00034 


•00067 10-0 


lC-5 -00055 


22-0 -00047 


24-4 -00048 


27-0 -00040 


31-7 -00052 


13th November- 
1926. 


36-4 -00041 


24—30 33-4 -00039 


34-7 -00040 


!0— 36 40-2 -00043 


23-9 -00042 


6—12 28-5 -00031 


•00043 


6-4 24-6 -00043 


12—18 33-9 -00040 


15th November- 
1926. 


33-9 -00033 


24—30 37-5 -00041 


•00032 


26-3 -00087 


30—36 36-8 -00034 


34-4 -00033 


JS-0 -00037 


21-1 -00041 


27-1 -00037 


5-6 27-6 -00044 


25-4 -00049 


12—18 28-9 *00038 


5-7 29-0 -00038 


24th Kovember- 
1926. 


18—24 33-0 -00039 


5-9 32-4 -00033 


•00033 


14—30 34-2 -00053 


8^0 35-1 -00033 


34-0 -00040 


30—36 84-3 -00040 


6-0 32-6 -00033 


4-9 33-1 -00030 
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Cttltivated 


Manureb 


KaKOa in dry soil 


CROPPED AREA 


Uncttltivateb aeteu removal op crop 



Dnmanureb 


Iff&NOs in dry soil 


Manured 




TJnoropped, Cultivated 


Unaiantjred 


KalSrOj in dry soil 


16*6 -00072 

25- 0 -00049 

26- 5 -00037 

29-9 -0003S 

29- 0 -00038 

30- 1 -00045 

16*8 *00055 

22-2 *00041 

28-4 *00044 

27- 2 *00043 

31- 0 *00045 


Lb. per 
acre 

%water 
on dry 
soil 

Crm. per 
100 grm. 

14 

15 

10 



7-9 



7-3 



5-7 



4-8 



6-0 



6-0 



37-7 

18-9 

•00034 


25-6 

•00030 


30-0 

•00032 


30*9 

*00038 


31*6 

•00039 

•• 

31-4 

•00032 

10-8 



7-3 



5-5 



5-7 



5-7 



6*7 



41*7 



8-3 



6-2 



6-6 

' *■• ■' 


6-5 



6-7 



6-6 



40-9 
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Table 


Period 


UNCEOPPED ABBA 


Cultivated 


Uncultivated 


UXSTANUEED 


Manured 


Unmanurbd 


JSfal^Oa in dry soil 


NaKO, in dry soil 


i% water 
i on dry 
soil 


Vq water 
on dry 
soil 


% wafer 
I on dry 
■ soil ■ 


Grm. per 
100 
grm. 


Lb. per 
acre 


Lb. per 
acre 


•00086 


20-5 .-00063 


28-4 -00044 


•00040 


•00044 


30-8 -00038 


20th Koveinbcr- 
1028. 


•00052 


35-7 -00047 


•00046 


34-7 -00040 


•OOC33 


•00075 


20-3 -00040 


17-7 -00056 


15-3 -00043 


•00040 


27-0 -00056 


26-7 -00037 


•00043 


31-5 -00058 


2nd December' 
1926. 


27-8 *00050 


•00044 


28-3 -00056 


34-1 *00046 


•00040 


31-1 -00058 


•00054 


31*4 -00045 


30-0 -00061 


15-5 -00066 


•00074 


17-6 -00067 


23-9 *00048 


24-9 *00049 


-00049 


•00038 


26-0 -00049 


7th December- 
1926. 


•00045 


31-8 -00045 


•00050 


33-3 -00053 


35-6 -00040 


33-1 -00046 


•00040 


33-3 -00039 


18-7 -00091 


21-8 -00047 


24-8 -00042 


•00088 


17th December- 
1926. 


27-3 -00031 


32-4 -00039 


■00040 


31*4 -00089 


35-0 -00040 


82-2 -00039 


84-3 -00039 


•00040 
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1 

1 

! 

I' 

I 



III — mitd, 
(c) — contd. 


CEOPPED ABBA 


Cultivated 

Uncultivated apter removal of crop 

Uncropped, Cultivated 

MAIS'UEEI) 

Unmanured 

i Manured 

Unmanured 


NaNOs in dry soil 

%water 
on dry 
soil 

XaNOjin dry soil 

%water 
on dry 
soil 

XaXOs in dry soil 

%wator 
on dry 
soil 

XaNOs in dry soil 

%wi\ter 
'on dry 
soil 

firm, per 
100 Grm, 

Lb. per 
acre 

Grm. per 
100 grm. 

Lb. per 
acre 

Grm per. 
100 grm. 

Lb. per 
acre 

Grm. per 
100 grm. 

Lb. por 
acre 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 




10-8 

•00029 

4*3 

22-2 

•00041 

C-2 



.. 




23-5 

•00030 

4*5 

25*8 

•00037 

5^5 







26-1 

•00037 

5-5 

25-3 

•00043 

0’4 

•• 





. . 

24-7 

•00030 

4-5 

28-3 

•00044 

C-6 

•• 






29-7 

•00032 

4-8 

34-3 

•00040 

C-0 

... 


•• 




31-3 

•00032 

4*8 

33-7 

•00033 

4-9 

*• 


•• 






28-4 



35-6 




16-8 

•00100 

15-0 

t-. 

• • 





23^9 

•0036 

54*0 

25-1 

•00061 

9-1 

.. 

. . 





26-8 

•0012 

17*6 

26-9 

•00043 

6-5 


... 





28-2 

•0012 

17-8 

27-6 

•00044 

6-5 

.. 






30-0 

*0011 

17-2 

30-0 

•00045 

6-7 

... 

.. 





33*9 

•00092 

13-9 

33*5 

•00039 

6-9 

.. 






33-9 

•00092 

18.9 



49-7 









134-4 

13*6 

•00091 

13-7 




■ . . ■■■ 



22-9 

•0038 

57-5 

24-0 

•00093 

10-9 

.... 



.. 



28-5 

•0017 

26-4 

26-6 

•00062 

9-2 

.. 



•• 



30*2 

•00096 

14-4 

27-3 

•00062 

9-3 

■ .... 



.. 



32-7 

•OOOC5 

9*8 

33-8 

•00053 

7-9 

... ■ 



•• 



34-6 

‘00086 

130 

32-7 

•00046 

6-8 

... 






35-2 

•00074 

11-0 



57-8 









132-1:'".: 

18-2 

•00073 

11-0 

« . 





.. 

24-7 

•0046 

69-0 

22-3 

•00041 

6-2 

.. 





•* 

25-7 

•0027 

40-3 

2C-S 

•00043 

6-5 






•• 

30.0 

•0012 

18*2 

28-1 

•00037 

5-6 






•• 

'"'Bo-e; 

•0013 


30-7 

•00045 

6-7* 







34-6 

•00093 

14*0 

29 6 

00032 

4-8 






- 

82-8 

•00105 




40-8 









176-2 
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Table 


Period 


TJKOE-OPPED AS.EA 


Cfitiyated 


Uncitltivateb 


UNirANtmiD 


Manxjued 


Unmanueeb 


I^aNOg in dry soil 


% water 

on dry Grm. 
Lb. per soil 1 C 

aero gri 


Yo water 

on dry Grm. ijcr 
soil 100 
grm. 


% water 
I 'on dry 
soil 


Lb. per 
acre 


14-4 -00103 


‘S *00058 


27*1 -00050 


25-4 -000426 


26-5 -00058 


tO-7 *00051 


22iid December 
192f>. ' 


34*7 -00060 


•00064 


30-3 *000512 


•00061 


31*4 *00064 


•0003SS 


15-2 -00066 


i6-2 *000360 


25*0 -00030 


;0-5 -00051 


4th January 1027. 


;0*8 -00032 


■7 -00044 


28*0 -00025 


>00110 


lO’O -00104 


10-0 -00114 


-00054 


23-1 -000470 


23*2 -00060 


26-2 -00043 


January 


23-5 -00031 


-00056 


:4-0 -00048 


25-2 ‘00048 


■0006: 


22-3 -00047 


Tractor vploiighed. 


>00053 


•00050 


30-4 -00044 


12tb January- 
1927. 


I. 


ANNETT, PABiMANABHA AIYEB AHB RAM NARAYAN KAYASTH 


1 1 1 — coo%td* 
(e) — contd. 


CFmVATED 


MANFIIEJ) 


CEOPPED AREA 


UNGTJLTiyATED AFTER REMOVAL OF CROP 


UKMAJsITEED 


UKCROPPEI), CIJITIVATEI) 


'XlNMANmiED 



NaN O3 in dry soil YaN’O® in dry soil YalSTOg in dry soil ICalSf O3 in dry soil 

^ ^ ^ % water “ ~ ’ % water ^ % water ~ 

^ on dry _ on dry on dry 

Grm, per Lb. per soil Grm, per Lb. per soil Grm. per Lb. per soil Grin, per Lb, per 
100 grm. acre 100 grm. acre 100 grm. acre 100 grin. acre 





12-0 -0 
21*0 



•• 





12-S 

•00048 

7-2 

16*3 

•OOOSO 

23*6 

•00030 

4-5 

26-0 

•00037 

22*9 

•00042 

6-2 

26-5 

•00030 

27*5 

*00031 

' 

4-7 

32*4 

•00032 

26*8 

•00043 

f>*6 

34-1 

*00040 

30*0 

•00026 

3*8 

33-6 

*00040 


■■ 1 

32*9 



15*5 

j 

•00055 

Tractor 

8-2 

ploitglied. 

12*7 

1 -00064 

25*0 

•00036 

5*5 

20-2 

; -00057 

25*6 

•00024 

3-7 

27-2 

; *00037 

27*3 

•00031 


30-3 

•00045 

20-8 i 

•00055 

8*3 

31-1 

•00052 

30-4 

•00051 


28-5 

•00044 



.-38*1 





























jgg LOSS OS' NITRATE FROM SOIL IN C. P. 

nth November 1926 and 29tli November 1926 tbe experiments were merely a 
ioluS of tie experiments in series (a) and no cnltivated area was sampled 

Enmiglont tbe period nnder experiment there was no ram except for a fall of 

^ ^ As^regSdftbe illlt of cultivation on tbe original plots, it will be seen 

Table and Chart that tbe effect was practically negligible. All these plots contained 

™ small amount of nitrates. There is some slight 

had increased the nitrate in the surface soil, but it is _ 

served lies outside the experimental error. As regards plot b.o. 7, reieired to as 

plot No III uncropped unmanuied cultivated, it will be seen that it contains large 

»mlmteofU.tesWcuI»lyinae S'. It is vmtoituBate that analyses 

of this plot were only conunenced on November 2ntl. However, e soi 

Edit aplLntly iditical in every respect with the soil in the f ^ J - 4“ 

experiment. The only difference was in the cultivations earned out. It v i 1 be as 

well to compare the cultivation on this plot with that on the other - cultiv 

plots under observation in Series (c). nlots 

^ Cultivations on plots (3) and (4) viz. uncropped unmanuied cultivated plo 

and uncropped manured cultivated plots. 

August, September — Nil. 

29th October— Ploughing. 

31st October— Bakharing. 

6th November — ^Clods broken by hand. 

12th November — Clods broken by clod crusher. 

CuUivations on plot No. 7 (Plot III) uncropped mmanured 

12th September— Tractor bakharing followed by spring tooth cultivator. 
24th September-Tractor bakharing foUowed by sprmg tooth cultivator. 
19th October— Bakharing. 

22hd October— Harrowing. 

There can be no doubt that the increased nitrate content of plot No. 7 is due to 
the more efficient cultivations it received as compared with plots (o) and (4). 


Cmclusim. 

At the end of the rains, the black cotton soil of Nagpur conta,ins only small 
amounts of nitrates. If the soil remains uncultivated throughout the cold weather 
no nitrate formation takes place. If, however, the soU is kept well cu tivated at the 
end of the rains, large amounts of nitrates are formed in the surface soil and are aval 
able for the cold weather crops. By way of confirmation of this conclusion, we have 
available the results of analyses carried out in other plots which received efficient 
PAiltivations at the 6iid of tli6 rains* 


AlWETT, PADMANABHA AIYEB ANB BAM NAfeAYAJT KAYASTH 


Lb. NaNO-> beb aoee bby soil* 



1 st November 192(j 


I5th November 1926 


10th January 1927 


0 — 6 
6— -12 
12— IS 
18—24 
24—30 
30—30 


0—6 

6—12 

12—18 

18—24 

24—30 

30—36 


Near^^kalino g}tu(j 0 nil 3 g’ Limed plot 


0 — 6 

47'9 

44*8 

6—12 

22'4 

15*1 

12—18 

11-0 

13*5 

18—24 

11*8 

9*8 

24—30 

9-9 

15-9 

30—36 

11*6 

I3‘9 


115*1 

113*0 



It will be seen that the amounts of nitrate present in these soils is very high and 
its formation must be due to the cultivations received at the end of the rains and in 
the early cold weather. 

SuMMAEY AND RECOMMENDATIONS. 


7. The amownt of nitrate 'produced in the soil and its bearing on the growth of crops 

in the Central Provinces, 

In the work described above, data have been given for the amount of nitrate 
present in black cotton soil at hTagpur throughout the year. Plots both with and 
without crops were under experiment and the effect of cultivation after the rains 
on the nitrate content of the soil was also examined. 

In the first place, it will be of interest to compare the amounts of nitrates found 
by us with those found by other workers in India, Egypt and England. 

Our own results show that in April when the nitrate content of our soil is lowest, 
the soil throughout the top 3 feet examined contains on an average about 1 part 
of nitrate nitrogen per million of dry soil, or say 9 lb. of nitrate of soda per acre 









in the top 6" of soil When nitrification has become well established after the- break 
of the rains, the surface 6" of soil frequently contains 5 or 6 parts per million and the 
second 6" rather less. The maximum figure found by us was on June 21st, 1926, 
on a manured plot, the top 6" of which contained nitrate nitrogen equal to 10 parts 
per million of dry soil and the second 6" contained nitrate nitrogen equal to ^ 
parts per million. 

At Pusa on the Gangetic alluvium, Leather obtained somewhat similar results 
to ours. He found that towards the end of the hot weather the surface soil contained 
about 1 part per million of nitrate nitrogen. After the first fall of rain this showed 
a rapid increase to 2| parts per million in the surface 6" and to 12 paxts per million 
in the second six inches. 

At Cawnpore also in the Gangetic alluvium, Clarke and co-workers found 2*4 
parts of nitrate nitrogen per million parts of dry soil in the top foot at the end of the 
rains, on September 14th. As a result of cultivation, this figure rose to 14*4 parts 
per million by the following March. Clarke did not continue his experiments during 
the rains. 

Turning to work carried out by Prescott^ in Egypt, we get figures of a very differ- 
ent order. Apparently in the hot dry weather the summer fallow land is very dry 
and then contains only 2*7 parts of nitrate nitrogen per million of dry soil. Yet 
this figure is far higher than we found in Indian soils in the diy hot weather. When 
we turn to the irrigated cotton soils of Egypt, however, we find that the amount 
of nitrate nitrogen is far higher than anything we ever experience in India. It 
rarely falls as low as 20 parts per million of dry soil and is usually between 30 and 
40 parts and at times reaches 60 parts per million. 

It may be of interest to mention figures obtained by Russel! ^ at Rothamsted* 
The unmanured plot in the Broadbalk field was found to contain nitrate 
nitrogen varying in amount from 1 to 6 parts per million throughout the year. 
The figures for the dunged plot varied from 4 to 16 parts and for the double ammo- 
nia salts plot from 3 to 31 parts per million of dry soil 

It thus appears that, under conditions prevailing on the black cotton soils o,£ 
Central India, the amount of nitrification taking place during the growing period of 
the cotton crop is far smaller than that which takes place in Egypt during the cotton 
growing season. Under Egyptian conditions, the crop is grown in the hot weather 
under irrigation and thus both moisture and temperature conditions are favourable 
for nitrification. In Central India the crop is grown in the rainy season. When 
the first rains fall, rapid nitrification takes place, but the amount of nitrate produced 
never approaches the amounts of nitrate produced in Egyptian soils. Moreover, 
the crop is tioo small to take advantage of the nitrate produced at this early stage. 
Subsequent heavy falls of rain wash the nitrate out of the soil and if, as frequently 
India, rain falls more or less continuously for weeks on end the cotton 

^ Jour, AgrL Set, Vol IX, 1919, xj. 21li* 

^Jour. AgrL Sci„ Vol. VX, 1914, p. 28. 
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crop suffers from nitrogen starvation. In Egypt the regular irrigations keep up a 
large store of nitrates in the soil and Prescott ^ states that The cotton crop in 
present time is indeed independent of the artificial application of ferti- 
lisers/’ It is not surprising that the cotton outturns in Central India compare so 
unfavourably with those of Egypt. This matter could be remedied to some extent 
by the judicious use of nitrogenous fertilisers. At the same time great skill is 
necessary in order that these should be applied at the right time. One wants to 
put them on after a heavy fall of rain, but if further heavy rain falls subsequent 
to the application of the fertiliser it is simply w^ashed down into the soil out of reach 
of the crop. 

One is almost inevitably drawn to the conclusion that cotton is hardly the crop 
to grow in the Berars, Certainly, its area is far too large. During recent years 
the high prices obtained have encouraged the growing of a large area of this crop. 
The indications are that the prices realisable in future will be on the pre war scale, 
yet the costs of production are hardly likely to go back to that level. Our results 
indicate that soil conditions are such that we can never hope to compete on a yield 
basis with Egypt and other centres where irrigation facilities are available. There- 
fore, it would seem that there should be an extension of the growth oijtiad and fodder 
and that some of the area now^ growing cotton would be better so employed. The 
improvement in the supply of fodder would improve the cattle by better feeding 
and with the provision of better cattle, agricultural operations w" ould become more 
ejSicient, better crops could be obtained and the milk supply of the coimtry could 
also be improved. 

Groundnut in certain areas should prove an excellent substitute for cotton. 
Our results also indicate that efficient cultivation at the close of the rains encourages 
the production of quite a large store of nitrates in the soil and hence the possibi- 
lity of extending the area of cold weather crops is worth investigation. Mr. Allan 
has dealt with the question of substitutes for cotton and with the extension of the 
rabi area in a note at the end of the Memoir. 

II . The loss of nitrate from the soil. 

The foregoing w^ork has provided some indications of the enormous loss of nitrate 
which takes place from the black cotton soil of Central India during the rains. 

Thus dming the rains of 1925 a loss of nitrate nitrogen equivalent to 480 and 
626 lb. of nitrate of soda per acre respectively was observed on an immanured and 
manured plot cropped with cotton. 

In the succeeding season the same plots cropped with jmr lost respectively 
nitrate nitrogen equivalent to 268 and 374 lb. of nitrate of soda per acre. Similar 
uncropped plots lost nitrate nitrogen equivalent to 229 and 374 lb. of nitrate of soda 
per acre respectively. It must be remembered that these manured plots received 
during these periods of loss a top dressing of nitrate of soda equal to 66 lb. per acre. 



00 





% Water Lb. KaNO* 
ou dry per acre 
soil ou dry soil 


Lb. HaSiOa 
per acre 
on dry soil 



Juno 


X5-50 


Total 


Total for 
year . 


25-59 


Table V* 


Rainfall, 1925. 
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.Tilly 


OcL 


ISTov. 


Fel). 


Mny 


.luiie 


8ei>t. 


mm 


Mar, 


Apr. 


005 

0*02 

0-28 

0*03 

0*1 a 

o-aa 


4*31 


il*37 


32*23 
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Table V. 

Rcmfall, 1926, 


0-07 


0*17 


0-0(5 


0-01 

0- 27 

1- 04 
1-12 
0-05 
0-50 
i'(jy 
0*85 
0*47 
0*89 
0-29 
0-07 
0*07 
0-02 
0-91 
0-04 

2- 13 
0-73 
0*2 i 
0-04 
0*59 
0-01 
0-03 


0*03 

0*02 


0-22 

0-22 

0-02 

0-05 


r>4,-98 


0-09 

0-28 

l*(i0 

4*<S5 

0-07 


0*05 


0-05 

0-00 


0-00 


0-05 

0-19 

0-04 

0-57 


0*23 

0-11 


4*41 

0-33 

0*41 

1*(50 

3*11 

1*47 

0-2C 

0-23 

0-38 


2-10 

U-21 

0-01 

0*29 

0-11 

17-07 


1-97 

0-02 


0-03 

0-10 

i)-03 


0*18 

0*21 


0-20 

0*12 

0-11 


2*18 

1*00 

1*44 


10*79 


0-03 


0-07 

0*15 

0-11 

0-02 


0-02 

0-37 


0-19 

0*50 


3*75 


0*41 
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PAET 11, 


SEASONAL COMPOSITION OF WELL WATERS AS A MEANS OF STUDY - 
OF THE NITROGEN CYCLE IN THE SOIL. 

In Part I of this paper attention has been drawn to the large amounts of nitrates 
formed in the soil during the early part of the rainy season at Nagpur. It was also 
shown that most of this nitrate was washed out of the soil into the drains or into 
the imdergromid water supply by heavy rain. Losses of nitrate nitrogen equal 
to several hundreds of pounds of nitrate of soda per acre at least were indicated. 

It would appear of great interest to see what happens to the nitrate which is 
washed out of the surface soil. This matter has not received much attention hither- 
to. It is frequently stated that practically no denitrification takes place in soils. 
If this nitrate is accumulated in the subsoil water one \vould expect to find enormous 
stores of nitrate down below. Large accumulations of nitrates in the soil are, how- 
ever, rare, the best known example being, of course, the Chilean nitrate deposits. 
But the conditions under which these deposits have accumulated are peculiar and 
are seldom met with. 

It was considered that a study of the levels and chemical composition of the 
water in wells throughout the year should give results of interest in this connection. 
An intimate study of two wells on the Agricultural College Farm, Nagpur, was com- 
menced in June 1925. The investigation has been carried on continuously since 
that date. The wells are about 200 yards apart and are sunk in the black cotton 
soil. One we have called Students’ well ” and the other Alkaline well The 
former is 627"" from soil level to the bottom afid the latter only 507"" and both just 
reach the trap rock. The former has not been used for many years and has a tile 
drain discharging into it and thus we were able to form an idea of the rate of nit- 
rification in the surrounding soil. Th 0 latter well is used to a certain extent for 
irrigation and the land around has received heavy dressings of cattle manure and 
artificials for some years. Moreover, the area surrotmding this well is also under- 
drained with tile drains and hence we are able to analyse the drainage water from 
this area also. The depth of water was determined at frequent intervals and al- 
ways when any change in water level took place. On every such occasion, the water 
was analysed for total solids, nitrate content and usually for bicarbonates and car- 
bonates and occasionally gravimetric estimations were made of the calcium, mag- 
nesium and sulphate contents. It was quite early recognised that the composition 
of the water was not always imiform at different levels and soon after the experi- 
ment started each well was always sampled at 3 different levels, bottom, middle 
and top. These samples were taken in a weighted bottle, the stopper of which could 
be opened by a string at any desired level, 





Date 


Deptli of 
water beiow 
ground level 


Parts per 100*000 


Total lb. of 
NaNOa 
well 


Total 

solids 


Nitrate N 
as N 


2m" 

228 " 

22S" 

172 " 

166" 

1651 -" 


69*5 

68*8 

68*<l: 

60*2 

50*3 

45*8 

51*4 

45*6 


0*010 

0*024 

0*020 

0-072 

0*080 

0*088 

0*095 

0*110 


0*22 

0*50 

0*42 

1-70 

1*98 

2*16 

2*35 

2*85 
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June 1925 

n ' : >f ' . 


Tile nitrate was determined by tbe pbenoldisulpbonic acid method as in Part I. 

Tables VI and VII give the data obtained for well levels, total solids and nitrate 
content of the two wells under observation. 

Prom August 1925 onwards, the samples were drawn from 3 different levels, bot- 
middle and top. The bracketed figures give the analyses in this order. 

The rainfall during the period under observation has already been given in 
part I of this paper. The rainfall data, well levels and nitrate content of the wells 
have been plotted in Chart No, III. 


CONSIDEBATION AND DISCUSSION OP EESULTS. 


/• General observations on well levels and nitrate content, 

the beginning of the rains in June 1925, the students’ well had a depth of 
of water and the alkaline well of 280". 


Table VI. 


Students^ well. 
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Table VI — cmtd. 


Students' wdl — contd. 


Total ib. of 
NaNOg in 
well 


Depth of 
water below 
ground level 


Parts per 100*000 

Total 

Nitrate N 

solids 

as N 

r 62 'J 

0-02 

58-0 

0-03 

L 46-4 

0-03 

f 58*8 

0-02 

4 68-5 

0-05 

\48-9 

0-05 

r66-2 

0-02 


0-02 

: i ^48 -l 

0-03 

ra 2-6 

0-02 

4 56-9 

0-02 


0-02 

rm-2 

0-03 

4 56’2 

0-03 

Us-i 

0*03 

f 62*32 

0-01 

4 56-24 

O-Oi 

U 9-36 

0-01 

rei -28 

0-03 

< 53-20. 

0-01 

t 50-56 

0-01 

r 54-40 

0-02 

<55-60 

0-02 

L 65-60 

0-01 

r 55-92 

0-01 

< 54-80 

0-01 

U 5-52 

0-01 

r 65-20 
< 54-64 

0-01 

0-01 

1.64-16 

0-01 

r 52-08 

0-01 

<54-80 

0-01 

1.54-32 

0-01 

f 54-32 

0-01 

< 55-20 

0-01 

1.54-16 

0-01 

r 56-4 S 

0-02 

4. 54-96 

0-02 

L 55-44 

0-02 


S. No. 

Date 


IS;'. 

7th September 1925 




16th 

»> . 

• 


16 

V21st' ' ; 

99 ^ 

- 


16 

28th „ 

99 • 

• 

1 

17 

5th October 

99 • 

• 


18 

12th „ 


# • 

I. 

19 

19th „ 

f* • 

* 

I 

20 

26th „ 

99 



21 

2nd November 


- 


22 

9th „ 

99 • 

• 


23 

17th „ 

99 * 

* 


24 

23rd 

99 , . • - 

■ 


25 

SOth 

.99 ■ ■ * 
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Table VI — cmtd. 


Students^ well — coutd. 


To6al ib. of 
NaNOs in 
well 


26 7ih December 192r 


30 Sth January 1926 


34 I 1st February 


38 J ist March 


Depth of 

Parts per 100-000 

water below 
ground level 

j Total 

j solids 

Nitrate N 
as N 
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Tabus VI — <mii. 


Total ib. of 
NaNOa in 
\veil 


Depth of 
water below 
ground level 


Nitrate N 
asN 


Total 

solids 


Bate 

lOfcU 

March 

1926 

* • 

15th 

»» 

If • 

• 

24th 

” 

■■■ ff ' ■ * : 

• 

29th 


ft ■ 

• 

6th 

April 

»> • 

• 

12th 

*• 


. ff ■ 

• 

19th 

>» 


• 

24th 

tt 

»» • 

• 

3rd 

May 

tf ■ 

• 

10th 

.f» ■ 

ff . ■ 

. 

17th 

>* 



19th 

■ ■■ 

»> • 

• 

28th 

: ff 

91' . 

• 









Date 


Depth of 
water beiow 
ground level 


Total ib. of 
NaNOs in 
well 


Parts per 100*000 


Total 

solids 


Nitrate N 
as N 
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Table Yl—eotOd. 

Students’ wdl — contd. 


2nd June 1926 


3rd August 


63 26th 


3rd September 


Nil 


ff 

0*82 


0*00 

0-00 

0-09 


0-01 

0*01 

0-04 


0-07 

0-09 

0-02 


0-06 

0*09 

0*15 


0-08 

0*08 

0*10 


0*04 

0*07 

0-10 
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Table VI— 


Students’ well — contd, 


Parts per 100*000 


Total Ib. of 
NalSrOs in 
well 


Depth of 
water below 
ground level 


Total 

solids 


Nitrate N 
as N 


65 I 9fch September 1926 


68 1st October 


73 1 3rd November 


4 til December 
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Table VI — eondd. 


Students’ well — conoid. 


Parts per lOO’OOO 


Depth of 
water below 
ground level 


Total lb, of 
NaNO^ in 
well 


Total 

solids 


Nitrate N 
as N 


'8 nth December 1926 


Table Y11 


Alkaline well 


Total ib. of 
KaNOg in 
well 


Depth of 
water below 
ground level 


Nitrate N 
as N 


Total 

solids 


7 3rd August 



ANNJBtT, PADMANABHA AIYBR AKD BAM NAEAYAN KAYASTH 


Table VII — contd. 


Alkaline well — coiitd, 


Total lb. of 
in 

^vejl 


Total 

solids 


Nitrate N 
as N 


Date 

21st August 1925 


. . ; . 

24tli „ „ 


• 

dlst „ M 



7th iSeptembcr ,, 



15tb „ 


• ; • 

’ 2ist „ „ 


* . ' . 

28tli „ „ 



5th October ,, 


ff 

■ ■ M-- 

I2th ,, „ 


m * 

lOth 


■m : ■ m 

2bth ,j, 


. 

2nd November ,, 

• 


9th „ 

.! ■. . 
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Table VII — contd. 


Alkaline wdl — contd. 


Parts per 100-000 


Total ib. of 
HalsrOg in 
well 


Depth of 
water below 
ground level 


Nitrate N 
as N 


Total 

solids 


24 17th November 1925 


27 7th December 


j 5th January 1926 


35 I 1st February 
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Table VII 


Total 

solids 


37 

15th 

February 1926 

38 

22nd 


If . 

39 

1st 

March 

99 

40 

10th 


' :■ 

41 

i5th 

v'-', V' 

ft 

42 

1 231x1 


ff 

43 

29th 


ft 

44 

6fch 

April 

Sf 

45 

I2th 

: '99 


46 

19 th 

tt 

ft 

47 

24th 



48 3rd Mav 
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Table VII. 

Alkaline well. 


Total ib. of 
ISI'aNOg ill 
well 


l^arts per 100*000 

Depth ol- — 

water below l^itrate N 

groun:! level 


*12 

•92 


f7G*72 
■<; 7GTt> 
i^76*24 

5*28 


0*44 


0-24 

0*28 

0*28 


0*32 

0*32 

0*32 


0-20 

0*30 

0*30 


0*24 

0-30 

0*30 


0*22 

'0*29 

0**29 


0*26 

0*34 

0*34 


0*34 

0*30 

0-34 


0*32 
0*46 
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Table YII, 


Alkaline well. 


Parts per lOO’OOO 


Depth of 
water below 
ground level 


Total ib. of 
isaNOg in 
vteii 


Total 

solids 


Nitrate N 
as N 


17 th August 1926 


3rd September 


1st October 


3rd November 
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Alkaline icell 


Bep' li ol 
water bolow 
ground level 


2Uth November 1.926 


4tii Decent ber 


The former contained j)ractLcally no nitrate, oiz,, nitrate ‘01D5 pari es nitrogen 
pet 100,000 or 0'218 lb. NaNO., in tlie whole well. Tiie latusr well was fairly rich 
in nitrate, viz., O’ 226 parts of nitrogen per 100,000 or 3’52 lb. NaXOs in the whole 
well. With the first rapid rise of both wells about the 7th July, the former increased 
in nitrate content and the latter lost nitrate and by mid July the total nitrate content 
was about ocpal in the tivo wells. The nitrate content then increased in botli. In 
the case of the Alkaline well, it rose almost to its highest point abruptly at the end 
of July when it contained 4’6 lb. NaNO,, in the whole well. It remained constant 
at about this level of nitrate content till mid August. The Students’ well siiowed 
a gradual rise in nitrate content and reached its maximum content of 3-8 lb. XaMl^ 
just after mid August. The more abrupt rise in nitrate content of the Alkaline 
well was accompanied by a more abrupt rise in the well level than occuiTed in the 
case of the Students’ well. It is probable that this dili'oronee in rapidity of rise 
between the two wells is due to the fact that the soil surrounding the* Alkaline W(dl 
was irrigated during the dry weather. Water would percolate more rapidly through 
this moist soil than it woidd through the diier uuirrigated soil sm-rounding the Stu- 
dents’ well. 
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Both weiis reacliod tlieir highest water level in the last week of August, but 
from tlie 3rd week of August a steady fall in nitrate content began and each well 
contained only about lb. NaNOg by niid October. The levels of both weiis began 
falling steadily from the beginning of September, The Students' well never again 
recovered its nitrate content and in May 1926 it contained not a trace of nitrate. 
At the end of October, however, the nitrate content of the Alkaline well began to 
rise steadily an.d throughout the cold weather 1925-26 it contained more nitrate 
than at any time during the preceding rains. Early in November it contained 
4*2 Ib. of NaNO,. or nitrate nitrogen ==*22 parts of nitrogen per 100,000, and on 
January Lst, 1926 it contained 8’33 lb. of NaNQg or nitrate =*14- parts of nitrogen 
]_)er 100,000. The rise in nitrate content of this w^ell in the cold weather must be 
ascribed to the fact that it was used for irrigation of the surrounding land during 
that period. This irrigation water circulated through the soil back to the well. 
Rapid nitrification took place on this moist soil and the excess nitrates w^ere, of 
course, ^vashed back into the w^ell. That there were large accumulations of nitrate 
in the coki weather of 1925-26 was proved by the fact that there was a sudden flow 
of the tile drains in this area on November 9th, following a 1|'' fall of rain and this 
drainage water was exceedingly rich in nitrate. The results obtained from these 
two wells in 1926 were similar to those of the previous year. The rise of well level 
early in the rains was again more abrupt in the case of the Alkaline well than in 
that of the Students' w^ell. It is remarkable, however, that during the rains of 1920 
the Alkaline well was much richer in nitrate than during the j>revious rainy season. 
Thus in the rains of 1926 it reached the maximum NaNOg content of 10*8 lb. and 
from Otli July to 25tli August never fell below 7 lb. of NaNOg, whereas during the 
rains of 1925 it only contained a maximum of 4*6 lb. The Students’ well, however, 
reached a maximum content of only 3*3 lb. during the rains of 1926 as against 
3*8 lb, in the previous rainy season and generally appeared to contain less nitrate 
throughout the rainy season of 1926 than in 1926. Moreover, in 1926 it had lost 
all its nitrate by the end of October, whereas in the pre vious season it contained 
small amounts of nitrate throughout the cold weather and up to May 1926. Small 
amounts of nitrate were, however, found in this well subsequent to October 1926, 
It is difficult to find a reason for the difference in behaviour of these 
two 'wells in two succeeding seasons. To a certain extent, the year 1926 was 
exceptional in that there was a fall of about 6'^ of rain in the 3rd week of 
May. This may have encouraged nitrification on the highly maniinid soil 
around the alkaline well to a greater extent than on the iinmanured soil round 
the Students’ well. 

Before leaving this question of well levels, it will be of interest to* dra^v attention 
to the fluctuations which occur in the level of the Alkaline well as compared with 
the level of the Students' well This is well seen in the Chart and it is only neces- 
sary to remark that the fluctuations in level corresponded to the periods during 
which the Alkaline well was being used for irrigation. 
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2. Losses of nitrate from the well water. 

It will be obvious froiti the Table and Chart that the nitrate which passes into 
the well water gradually disappears. The Students’ well contained a maximum 
amoimt of 3*8 Ib. of NalsTOg in tbe rains of 1925. By May 1926 this had completely 
disappeared. The surface area of this well is 17*72 square yards. The loss of nit- 
rate of soda per acre per year in the underground soil water which occurred on the 
unmanured area surrounding the Students’ well may thus be taken to be 4840/ 
17*72 X3*8 or 1038 lb. In the rains of 1926 the loss observed was 3-3 lb. of ISTaNO^ 
«=:4840/17*72x3*3 or 901 lb. NaNO^ per acre. In the case of the manured land 
surrounding the Alkaline well, the losses would appear to be far greater. Thus on 
3rd August 1925 this well contained 4*8 lb. of IsTaNOg and on 12 th October it only 
contained 0*48 lb. of ]Sra]Sr 03 a loss of 4*32 lb. of NaN 03 . The surface area of this 
well is 19 square yards, hence the loss per acre in 1925 was 4840/19 x4*32 or 1100 
lb. of ISTalSrO^, Figures for the early part of the year 1925 are not available. On 
the 18th January 1926 this well again contained 8*33 lb. of NaN 03 and on 19th 
April this amount had fallen to 3*3 lb. a loss of 5 lb. NaNO^ ==4840/19 x5 or 1274 
lb. ISTahTOg per acre. On 10 th August 1926 this well again contained 10*83 lb. NaNOg 
and by 23rd October this figure had fallen to 2*80 a loss of 8 lb. NaN’ 03 =4840/19 x 8 
or 2037 lb. FalSTOg per acre. 

It thus appears that the unmanured unirrigated soil surrounding the Students’ 
well annually loses nitrate equivalent to about 1000 lb. nitrate of soda per acre 
or say 165 lb. nitrogen. The irrigated highly manured soil surrounding the Al- 
kaline well lost during the year 1926 nitrate equivalent to 1274+2037=3311 lb. 
of NaNO;:. per acre or say 550 Ib. of nitrogen. In making these calculations, we have 
assumed that the water table is a continuation of the well level throughout the 
subsoil and that the whole of this subsoil water suffers losses similar to those of 
the well water. This we consider a reasonable assumption. If it were not the 
case, one would not expect the complete disappearance of nitrate from the well and 
absence of nitrate for 6-7 weeks or more as we found in the case of the Students’ 
well in May and June 1925 and again from the end of October 1926 to date of writ- 
ing (January 1927). If the rest of the underground water contained nitrate, it 
would surely diffuse to some extent into the well. 

These losses are enormously greater than have been observed elsewhere. Thus 
in the Broadbalk^ field at Eothamsted the largest loss of nitrate nitrogen from any 
of the plots is computed to be about 78 lb. annually. This was from a plot receiv- 
ing minerals +400 lb. ammonium salts. The unmanured plot was coihputed to 
have lost less than 18 lb. nitrate nitrogen. However, these figures are but a rough 
estimate since the amount of water passing into the subsoil was not accurately 
measured but was in part computed from the flow through the drain gauges. Ba- 
tham^ in work on the drain gauges at Cawnpoxe found an average annual loss from 

iThe Book of the. Rothamsted Experiments, Hall & Russell, p. 235, 1919. 

Deft Agn* India^ CMm. Ser,^ VIII, Ho. 8, p. 138, 1926, 
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the 6-foot drain gauge during 1905-09 of 81 Ib. nitric nitrogen per acre. In subse- 
quent years the loss was much less. At Cornell U.S.A. it was found that 69 lb. of 
nitric nitrogen equivalent to 419 lb. of NaNOg were washed out of uncropped soil 
annually^. 

Hence it appears that either the losses of nitrate nitrogen from the soil at Nagpur 
are much higher than at Eothamsted, Cawnpore and Cornell or else the figures 
recorded for these 3 latter places are low. 

A reference to Part I of this paper (p. 173) shows that in our work on the 
nitrate content of the soil a minimum annual loss of approximately 80 and 104 lb. 
of nitrate nitrogen was observed in 1925 on unmanured and manured soil respec- 
tively. For reasons there stated these figures must be on the low side. 

3. Variation in eonifosition of well water at different depths. 

The necessity was early recognised of sampling the well water at different depths. 
Since August 1925 both wells were always sampled (a) near the bottom. (6) half 
way up (c) just below^ the surface. A consideration of the analyses made at these 
different depths brings out points of great interest. It will perhaps be best to con- 
« sider in detail only the results for the season 1926 since the sampling at 3 different 
depths in 1925 began late. It will be seen, however, that in general the 1925 figures 
where available support our general remarks on the 1926 figures. 

A study of these figures shows that the 2 wells behave differently. The alkaline 
well shows at each sampling a uniform content of total solids at each depth on al- 
most every occasion. As will be seen in the next paragraph, the total solid content 
of this well water shows only a small variation throughout the year and it would 
seem that the distribution of salts throughout the soil and well water has reached 
a condition of equilibrium so that the percolate into the well always has a more 
or less uniform content of total solids in solution. As regards the Students’ well, 
it will be seen that on 13th July 1926 the first rapid rise of water level took place. 
Previous to that date, the total solid content of the 3 different depths sampled was 
approximately constant at about 60 parts per 100,000. On the 13th July, however 
when the rise took place the bottom layer contained 58*64 parts of total solids per 
100,000 and the top layer only 50 parts. This difference in composition was main 
tained on each subsequent season in which the well was sampled until 3rd Septem- 
ber 1926 after which date the well level began to fall and then the total solid con- 
tent at each level became uniform. It is obvious that in the case of this well the 
percolate through the soil is less concentrated in total salts than the well water itself. 
As regards the nitrate content at the different depths, it will be seen that in 
the case of the Students’ well before the 13th July 1926 there was no nitrate in the 
well water and when the level began to rise on 13th July a considerable amount of 
nitrate was found in the surface layer and only minute traces at lower depths. From 
that date onwards until 3rd September, the surface layer of the well always con 

^N^iire Propert-ie.^ of Soils, Lyon and Buckman . p. 208, 


220 


LOSS OF NITRATE FROM SOIL IN C. R. 


taiaed most nitrate, but after that date when the level began to fall and no more 
percolation took place into the well, the nitrate was more or less uniformly distri- 
buted at each depth. 

In the case of the alkaline well the nitrate content of the water at each depth 
is more or less uniform at each sampling though there are occasional indications 
that the top layer is richer than the lower depths, c.r/., in the analyses made in Sep- 
tember and early October 1925, 

4. Seasonal changes in the total solid content of the wells. 

As mentioned in the previous section the two wells show a well marked difference 
when considered from the point of view of their total solid content at different sea- 
sons of the year. The alkaline well varies remarkably little in total solid content 
of its water t]jroughout the year. In the hot dry weather when the well is at its 
lowest level, the water contains about 75*78 parts of total solids per 100,000. Du- 
ring the rains it contains rather less, m., 66*70 parts per 100,000. The Students’ 
well, however, shows a remarkable difference in its total solid content at different 
seasons. During the cold weather and early hot weather its total solid content 
varies from 55-60 parts per 100,000, Immediately before the rains at the end of * 
tlie hot weather the total solid content shows a slight tendency to increase, but when 
the well begins to rise it is obvious that the water percolating into it contains much 
less solid matter than the well water itself and by September the well water contains 
only 4-3 to 47 parts of total solids per 100,000. In the case of the Students’ well 
it would also appear that the total solid content of the water was distinctly higher 
in the hot weather of 1925 than in that of 1926, whereas there was no such difference 
in the case of the Alkaline well. As the hot weather advances there appears to be 
a distinct tendency towards concentration of the water in the Students’ well, but 
no such tendency in the case of the Alkaline well. 

The cause of the difference between these two wells must be ascribed to the 
fact that the Alkaline well has been used for irrigation for years past and is used 
regularly throughout the cold weather and hot weather. There is thus continual 
circulation of water down through the soil and into the well, and there is a tendency 
for the soil water and the well water to become uniform in composition. On tbe 
other hand, the Students’ well is never used for irrigation and during the hot weather 
there is distinct concentration by evaporation at the water surface. 

It is of interest to point out here that the irrigated area surrounding the Alkaline 
area only measures half an acre and since there is such little change in the com- 
position of the well water it would appear that very little lateral diffusion of the 
subsoil water takes place. 

5. Carbonate and bicarbonate of soda contents in the well tvaters. 

The two wells have been regularly analysed for carbonate and bicarbonate, but 
it is hardly worth while burdening this paper with the complete figures obtained. 

It is sufficient to say that the total solids consist mainly of sodium bicarbonate ' 
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with a small amount of normal sodium carbonate. As regards chlorides, sulphates, 
lime and magnesia, their quantities are small, as shown in the following analysis 
carried out on 9th September 1926 : — 


Position in 
Wttil 


Total 

solids 


f Bottom 

< Middle 
L Top . 
{ Bottom 

< Middle 
L Top . 


Students’ well 


Analyses made in June 1925 gav^e substantially the same figures. 

The question of the form in wliich the nitrate is w'ashed out of the soil becomes 
interesting. If it were washed out as nitrate of calcium one would have expected 
to find large amounts of calcium in the water. As a matter of fact the water is 
poor in lime. It seems that the nitrate must be washed out as nitrate of soda. It 
is therefore suggested that when this compound denitrifies, sodium carbonate 
and sodium bicarbonate are formed. It is significant that the well which has been 
used most regularly for irrigation contains most bicarbonate and carbonate. This 
also is the well which siifiers the largest loss of nitrate. 

Hall^ has shown that sodium carbonate is formed in the soil from sodium nitrate 
under certain conditions. The point is interesting on irrigated soils in a hot climate 
because if a well is used for irrigation the continual percolation of the well water 
throtighout the soil and back to the well must eventually result in an accumula- 
tion of sodium carbonate in the soil. It will be of interest to recall that a few years 
ago when there was a shortage of water in Nagpur, certain members of the Agri- 
cultural Department utilized the water of the Alkaline well to water plants in pots 
and they were killed. 

General bearing of the results on the maintenance of fertility in black 

COTTON SOIL. 

We have shown above how enormous are the losses of nitrate nitrogeai from the 
soil at Nagpur. 

On unmanured unirrigated soil this loss is approximately equal to 1,000 lb. of 
nitrate of soda or say 160 lb. of nitrogen. On v eil-irrigated highly manured soil 
the loss appears to be more than 3 times as great as this. However, it is unlikely 
that any soil in the Central Provinces receives such abnormal dressings of manure 
as have been applied to the land on which these figures were obtained and since 
moreover irrigation is not practised in the soil on which we are working we will only 
consider the unmaniired unirrigated soil. 

^ The Book of the RotliAmsted Experiments, 1919, Hali and Engjsell, p, SOO, 
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Assuming, therefore, that a loss of 160 lb. of nitrate nitrogen annually takes 
place from unmanured imirrigated soil, it will be of interest to calculate in how many 
years the soil will become completely exhausted of nitrogen. It is usually assumed 
that nitrification takes place only in the top 9'' of soil in England, i.e,, the cultivated 
portion. In India the cultivated portion may be assumed to be not more than 
in depth and our figures and Charts in Part I of this paper indicate that most if 
not all nitrification takes place in this portion. The weight of an acre of black 
cotton soil 6^' deep may be taken as roughly 1,500,000 lb. This contains roughly 
•05 per cent or 7,500 lb. of nitrogen. Since the annual loss from the soil of nitrate 
nitrogen amounts to about 160 lb. the top 6" of soil should be entirely depleted of 
nitrogen in 7500/160~say 47 years. From a comparison of analyses by Dr. Leather 
made on the same soil 25 years ago with those made by us recently, the soil a pears 
to have suffered no loss in total nitrogen during that period. It can only be as- 
sumed therefore that fixation of atmospheric nitrogen is taking place to a large 
extent in black cotton soil. It is also of interest to observe that the nitrogen con- 
tent of the soil remains nearly constant from year to year and that therefore some 
kind of physiological nitrogen balance must be maintained in the soil. This is pro- 
bably due to the fact that the conditions favouring nitrification also favour nitrogen 
fixation. 

However, if these largeTosses and gains of nitrogen are taking place in the soil 
one would expect to find distinct variations in the total nitrogen content of the soil 
at different periods of the year. In order to test this many hundreds of determina- 
tions of total nitrogen have been carried out both on the unmanured and manured 
plots.^'^ There is no object in burdening this paper with a mass of figures but it will 
be sufficient to give a few figures showing the variation in total nitrogen content 
of the soil from time to time. 


Total nitrogen content of the soil at various periods. 


Pate 

%N. in dry soil. 

Unmanured plot 

! Manured plot 

0-6'' 

6-12" 

0-6" 

6-12" 

1st July 1925 , 



•060 

•059 

*071 

•059 

3rd August 1925 



•054 

•051 

•05S 

•055 

23rd September 1925 



•064 

*060 

•058 

*055 

7th October 1925 



•053 

•052 

'071 

*063 

25th November 1925 



•067 

*066 

•066 

•050 

3rd February 1926 . 



•051 

•047 

'055 

•049 

Slat March 1926 



•061 

•051 

*056 

•048 

30th April 1926 



•057 

•053 

•066 

*055 

4th June 1926 . 



*069 

■052 

•067 

‘053 

30th June 1926 . . 



*075 

•052 

•062 

■050 

19th July 1926 



•059 

*064 

•077 

•069 

24th August 1926 



•071 

*053 

•065 

•060 

16th September 1926 



•094 

•049 

•080 

050 

21st October 1926 . 



•066 

•052 

*072 

•051 

29th November 1926 . 



•061 

•047 

‘ -059 

•048 
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These figures indicate that there are considerable variations in the nitrogen 
content of the soil from time to time* 

However, there are distinct differences in the nitrogen content of the soil of 
different parts of a plot on the same day. This is shown in the next Table. 


Per cent nitrogen in the samples from different 
portions of the same plot 


Sample number 


These differences, however, are not as great as those which occur at different 
periods of the year. 

In the next Table are set out figures showing the results for total nitrogen esti- 
mation carried out in quadruplicate from the same soil sample. In one case 
the soil was passed through a 3 mm. sieve before weighing out the portions for 
analyses and in the other case it was not sieved. 


Per cent nitrogen in quadrux)licate determina' 
tion on the same soil 


Analysis number 


Soil sieved 


Soil unsieved 


It is, we think, clear therefore that the variations in nitrogen content of the 
soil from different parts of the same plot on the same day and on the same plot at 
different periods of the year are real variations inasmuch as they are much greater: 
than the experimental error involved in the method of analysis. 
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PART III. 

OBSERVATIONS ON THE DRAINAGE WATERS FROM TILE DRAINED 

AREAS. 

The plots which have been described as under experiment in Part I of this paper 
are all rinderdrained at a depth of 2' 6" bv tile drains and the outfalls are so 
arranged that the drainage from each plot can be collected separately. 

The highly manured irrigated area surrounding the alkaline well is also simi- 
larly underdrained. As already mentioned, the Students' well has a, tile drain 
discharging into it which drains an unmanured iinirrigated area. Tho.se drains, 
of course, do not allow of any quantitative measure of the drainage since it would 
be impossible to collect the drainage of the whole area,s drained. The concentra- 
tion of the drainage water in nitrate, however, provides some indication of tfic 
amount of nitrate present in the soil throughout the rainy season which is the 
only period at which any drainage normally takes place. In the case of the irrigat- 
ed area surrounding the Alkaline well, a certain amount of drainage was observed, 
during the cold weather, but this will be referred to later. 

The following Table gives the dates on which drainage took place from the drains 
under observation, together with the nitrate content of the drainage water. The 
data relate to the following areas : — 

(a) Unmanured cropped plot. 

(&) Manured cropped plot. 

(e) Manured uncropped plot. 

(d) Drain from unmanured area into Students' \vell. 

(e] Drain from alkaline area around Alkaline wtII. 

(a), (b) and (c) are the plots (3), (4) and (2) respectively referred to on page 158 
under period (6), In the year 1925 data for the inanured uncroppcd plot were 
not available and also the data for plots (a) and (6) are incomplete as considerable 
trouble was experienced with broken drain pipes under those plots in that year. 
The drains were repaired before the season of 1926 how-ever. 

Table VIIL 


Nitrate nitrogen parts per lOOfiOO in drainage water, 

1925, 


I )^^te 

Drain in 
alkaline 
area 

Drain in 
Stuciouts’ 
well 

Oninamired , 
plot 

cropped 

Manur(*<l 

plot 

cropi>ed 

Manured 

plot 

uncroppcd 

July 

7th . 



0-71 




>9 

Sfch 

• 

•• 


-0*74 

1*10 ; 


#r 

10th . 

• 

2-01 


0*2() 

1 

DOS 
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NUraie nitrogen parts per 10000 in drainage water, 

1925. 


Manured 

Plot 

uncroppet 


Brain in 
Btiidents’ 
well 


Brain in. 
alkaline 
area 


-Uumauured 

Manured 

Plot 

Plot 

croxjped 

cropped 

•• 

i’Ol 


i*o:) 

. . 

0*12 

■ I" 


0-10 

0-20 
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Table VlII. 


Nitrate nitrogen parts per 100,000 in drainage water. 


Drain in Unnianured Manured 

Students’ l^lot Plot 

well c roj)ped cropped 


Drain in 
alkaline 
area 


Maiiured 

Plot 

uiioropped 


September 1st 


NTovember lOtii 
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Table VIH, 


Nitrate nitrogen parts per 100,000 in drainage wat&r, 
1925. 


Drain in 
alkaline 
area 


Drain in Unmanured Manured Manured 

Students’ plot plot plot 

well cropped cropped uncropped 


November 23rd 


January 5tli 1926 . 

No, of days on wMcb drain- 
age occurred 


August 4tli 




228 lobs of nitratf from soil in o* p. 

Table VI II. 


Nitrate nitrogen parts 'per 100,000 in drainage water. 

1926, 



Drain in 
alkaline 
area 

Drain in 
Students' 
well 

Unmanured 

plot 

^cropped 

Manured 

plot 

cropped 

Manured 

plot 

uncropped 

August 

28fc]i 

0*26 


■■■;'" " ' ' ' J 

0-03 

0*04 

0*05 


30th . 

0'2i) 


0-04 

O-Oo 

0*00 

vSepteiiiber 

1st 

0-24 

' j 


0-02 

0*00 

O'OCi 


■ 3rd : ^ ; 

0*10 


o-oo 




lOfch . 

0*18 

• • 

•• 

0*01 

0-01 


13fck . 

0*03 




•• 


I4th . 

0*00, 

::;*y 

•• 



Ko. of days in which drain- 
age OCCUlTCd 

27 

10 

21 

21 

21 


Discussion of results. 


L Number of days on which drains were nmning. 

It will at oiice be obvious that the alkaline area gave mucli more drainage both 
in the years 1925 and 1926 than any other area. The table gives the number of 
days on which drainage occurred. In 1925 it is not fair to consider the unmanured 
and manured plots under this period since as was previously noted the drains gave 
trouble and on being opened up late in the rains were found to be broken. How- 
ever, it will be seen that in the alkaline area the drains ran on 46 days during the 
period July 7th to January 5th, 1926. The drain in the Students’ well only ran 
during 13 days and ceased altogether on 11th August. The small amounts of drain- 
age received in August and September from the unmanured plots were almost cer- 
tainly not true drainage but percolations from a ditch into the broken drain near 
the outfall. 

It is quite obvious that drainage was much more regular from the alkaline area 
than from the area surrounding the Students’ well. Also the former area conti- 
nued to give drainage right through August and September. In November this 
area gave more drainage as a result of the effe<*h of 2" or 3" of rainfall together with 
irrigations which were applied. There was a turtiier liow of drainage from this 
area on the 5th January 1926, against the result of the combined effect of irrigation 
with a fail of just over an inch of rain. 
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lo'oO 

20-86 

23-43 

17-07 

3-76 

3-63 

1 

>- 42-69 

. . [ ^ ■■ 

41-56 


In 1926 all the drains were in good order and hence we are able to consider all 
the .five areas under experiment. The alkaline area again gave drainage on more 
days than any other area, but the difference w^as not so marked and in this season 
there was no flow after Sej)tember 14th in spite of irrigation in early November 
and a fall of 0*64^' of rain in December. The difference between the two seasons 
is mainly due to the fact that in November 1925 the rainfall was 3*28^ whereas no 
rain fell at all in November 1926. The following Table gives the rainfall for July, 
August and September for the years 1925 and 1926 together with the number of 
days on which drainage was received on two of the areas : — ■ 


Year and month 


1 Ko. of days on which drains ran 


1925, July 

1926, July 

1925, August 

1926, 

1925, September 

1926, 

^Juiy 

1925^ August . 

^September 
1920, „ . 


Alkaline well 


It will be seen from this Table that tlxe rainfall in the 2 years for these 3 montbs 
was practically the same, yet the drains ran far more often in 1925 than in 1926. 
Taking the month of July alone, the rainfall in 1925 was 5" less than in 1926, yet 
the drains ran far more frequently in July 1925 than in July 1926. It is natural 
to assume that besides the total quantity of rain, the amount of individual falls is 
an important factor in determining the quantity of drainage. 

If the falls are light, the soil is able to deal with them ; but if sudden falls occur, 
the water either scours the surface or percolates rapidly depleting the soil of nitrate. 
One of the beneficial effects of drains on land such as ours is that they enable it to 
deal more quickly with these excess falls of rain and to prepare the soil to protect 
itself better from the washing or scouring effects of any subsequent heavy falls , 

The more frequent action of the drains on the alkaline area must he connected 
in some way with the fact that the soil is irrigated throughout the dry months. In 
consequence, it requires less rain to raise its water content to the point at which 
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(lraina.^e starts than does the unirrigated soil. However, once both soUs had be- 
come Lturated one would have expected both to behave 

It may be that in the unirrigated soil there are large fissures and that nauch ot tl 
water^which could normally pass into the drams on a moist sod pass down these 
fissures to" the subsoil water supply. It may be, of course, that the water ta e m 
the irrigated is nearer the surface than in uniixigated sod and ^ 
cause the drains to flow more freciuently by causing a certam amount ot obstruc- 

tioa of the downward flow of water. 

2. The nitrate content of the drainage wate). 

In the first place it will be noticed that when the drains first began to flow at 
the beginning of the rains the drainage was richer in nitrate than on 
occasion. In the case of the richly manured alkaline area and the manuied p 
this richness in nitrate is maintained for some time longer than in the unmanured 

""Tn the season 1925, it will be seen that after the middle of ^7 
centrations of the drainage water fell away rapidly on the alxahne mea. On the 
29th July there was a distinct recovery in the nitrate concentration of the ^^mage 
water A reference to Table I and Chart I in Part I of this paper shows that this 
increase corresponds to a period when the nitrate content of the sod showed a sud- 
deTLiease, see also remarks on page 172. There was a further recovery m 
the nitrate concentration of the drainage from the alkahne area on the rth August. 
On the 10th November there was a flow from the drams under this area and this 
flow was exceedingly concentrated in nitrate. Nitrate estimations had not been 
carted out in the f il of this area, but it is evident that the irrigations carried o^t 
in October and early November together with cultivation in preparation for a cold 
weather crop had encouraged rapid nitrification. This is also borne out by the 
curves for mtrate content of the wed on the alkalme area at this period (Part II), 
which shows a rapid rise in October and November. In the season 19.6 the richly 
manured alkaline area and the manured areas again gave draina^ge much more con- 
centrated in nitrate in the beginning of the rains than any of the other areas. In 
Teneral the nitrate content of the drainage water showed a steady falling off in every 
Le as’the season advanced. This is again evidence of the fact that nitrification 
is most active in our soils just at the beginning of the raum. The fact that the dram- 
a<^e from the alkaline area was throughout steadily richer than that from any ol 
the other areas is further evidence that the alkaline area contains much greater 

stores of nitrate than any of the other areas under experiment. 

As will be seen, the nitrate content of drainage waters found by us reached a 
maximum of 3-52 parts nitrogen per 100,000 on the richly manured alkalme area. 
On an area manured with only 4 tons of cattle manure per acre, the maximum nit- 
rate concentration reached was 2 parts of nitrogen per 100,000 and in the unmanured 
plot 0-86 parts per 100,000. It will be of interest to compare our figures with the 
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maximum nitrate figures obtained at Rotbamsted from tbe drains under Broad* 
balk plots. These are as follows^ : — 

Plot 3 unmaniired ....... 0*7 parts nitrogen per 100, OOG 

Plot 7 Minerals sulphate of ammonia in spring . . 2*05 „ „ „ „ 

Plot 9 Minerals nitrate of soda .... 2*03 „ „ „ „ 

Plot 15 Minerals sulphate of ammonia in autumn . 5-03 „ „ „ ,, 

It will thus be seen that the figures obtained by us at Hagpur are of the same 
order as those obtained at Rothamsted. 

Leather^ working on the drainage from the drain gauges at Pusa and Cawnpore 
occasionally obtained drainage containing over 33 parts per million of nitrate nit- 
rogen. We do not consider, however, that the conditions in the field can be com- 
pared with those in drain gauges. 


SXJMMABY. 

1. The drainage waters are most concentrated in nitrates when they first begin 
to flow at the beginning of the rains. Thereafter their nitrate content shows in 
general a steady decrease throughout the rainy season. This confirms our work 
on nitrate content in soils (Part I) in which it was shown that the soil reached its 
maximum nitrate content early in the rains. 

2. Soil which has been regularly irrigated in the dry seasons gives more regular 
drainage throughout the rainy season and the drains continue to run until later in 
the season than is the case on unirrigated soil. 


GENERAL SUMMARY, 

1. In the first part of the paper we have shown that when a soil is cropped with 
cotton or juar at Nagpur, nitrification is only active during the rains and mainly, 
in the early part of the rains. The maximum accumulation of nitrate, however 
takes place too early in the growth of the plant to be of much use to it. The sub- 
sequent heavy rains wash out large amounts of nitrate from the soil into the sub- 
soil out of reach of the plant, so that at first sight nitrification is a wasteful process 
inasmuch as only a small amoimt of the nitrate produced is of use to the crop. Later 
in the stage of growth of the cotton on juar there is a shortage of nitrate in the soil 
as the rain has washed out the nitrate and the presence of the crop prevents effi- 
cient cultivation which might encourage nitrification. The cotton crop remains 
on the land till December and the juar crop till mid November and hence prevent 
early cold weather cultivation. It seems that only during the rains does nitrifica- 
tion normally take place in the Central Provinces soils which are under cotton or 
juar sown in the rains. If, however, the land is cropped with a cold weather crop 

iThe Book of the Rothamsted Experiments, 1919, Hali and Russell, p. 232. 

^Records of Drainage in India, Mem, Dept Agri India, VoL 11, No. 1, p. 62. 
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e,g.y linseed, gram or wheat, it receives efficient cultivation at the close of the* rains 
and then such soil accumulates large amounts of nitrates in the surface 6^ and a 
lesser quantity in the next Thus in the case of land which is cropped with cold 
weather crops we get nitrification at 2 periods, firstly early in the rains and secondly 
during the cultivation of the land immediately after the close of the rains and pre- 
paratory to sowing in hTovember. We have not so far been able to undertake a 
study of the efiect of interculture on nitrification, but it would appear that efficient 
hoeing between the rows of cotton ot jiiar whenever possible during the rains and 
at the end of the rains should prove of great benefit to the crop by increasing the 
nitrate supplies available to the plant. Unfortunately, weather conditions fre- 
quently make this difficult and if the land is left too late the surface dries out and 
then cannot be efficiently cultivated. 

2. On the black cotton soil at Nagpur it appears that the soil undergoes an an- 
nual loss of nitrate equivalent to approximately 160 lb. of nitrogen. This means 
that the surface soil would be completely depleted of nitrogen in less than 50 years. 
Actually, it is shown that the nitrogen content of the soil has sufiered no loss during 
the past 25 years. It seems obvious, therefore, that the loss of nitrogen as nitrate 
is counterbalanced by the fixation of free nitrogen from the air. 

3, The Central Provinces cotton grower is shown to be at an economic disad- 
vantage to his rivals in other paiis of the world. In Egypt cotton is grown under 
irrigation in the hot w’eather and the conditions are ideal for nitrification. Plen- 
tiful stores of nitrate are alw^ays present in the Egyptian cotton soils, many times 
as great as W' e find at Nagpur, and there is little, if any, need in Egypt for nitrogenous 
fertilisers. At Nagpur during the grow^th of the cotton crop nitrates are only pro- 
duced in any quantity early in the rains at a time when the crop is not ready to 
use it. In the later stages of the plant’s growth the soil is deficient in nitrate. It 
seems inevitable therefore that a lower yield of cotton should be obtained in the 
Central Provinces than in Egypt. This lower yield can in part be made good by 
top-dressings of active nitrogenous fertiliser, if applied at the right time. This right 
time would vary over the cotton tract, but would be as soon as there w^as the ear- 
liest reasonable chance of no further seriously heavy falls of rain. The question 
of the partial substitution of cotton by some other crop has been referred to in the 
paper and is also dealt with by Mr. Allan in a note at the end of this Memoir. 

Certainly, a large increase in the growth of fodder crops in the Central Provinces 
is desirable. This would enable cattle to be better fed. They would then be more 
efficient for work and would produce better class cows. As long as fodder crops 
are neglected, very little hope can be entertained of raising the standard of agri- 
culture in the Central Provinces. 

The results indicate that efficient cultivation at the close of the rains provides 
sufficient nitrates for a more extended growth of cold weather crops. 


R. a;ALLAN,:M.A.,'/' 

Principal^ Agricultuml College^ Nagpur, 

My experience and a study of rainfall figures over the last 40 years will sliow 
tfiat thougii we may get rain in heavy and continuous quantity after the 16th to 
20th x4.ugust the majority of the heavy rains, the washers out of formed nitrates, 
occurs before that date. After the middle of August breaks are commoner and 
heavy downpours of extended character, if not absent, at any rate much less fre- 
quent. If I were asked to give odds on the probable effectiveness of an application 
of nitrate or ammonium sulphate after the 15th of August I would be inclined to 
place it at about 4 to 1 in favour of an advantage from such a dressing. This, I 
think, is borne out by the generally paying results of 8 loads manure with the crop 
and 10 lb. nitrogen as nitrate put on as a top-dressing in August, when the progress 
of the plant has been checked by the leaching out of nitrates in July. I therefore 
prefer the emphasis on the importance of the utilisation of such fertilisers at the 
right time, presumably when the odds are against subsequent heavy rain and as 
I suggest sometime in the second to third week of August depending on the Ibeal 
rainfall average distribution. 

The use of a fertiliser should come as soon as a study of local rain distribution 
gives this reasonable chance. In Berar, for instance, I would put this date earlier 
thanNagpur. 

It should be noted that the work has been carried out on the wettest part of 
the cotton tract. 

Over the larger part of the Cotton tract the rainfall ranges between 20 and 30 
inches, and presumably the longer breaks would allow of the fresh formation of 
nitrates and the absence of so much heavy rain would lead to less washing down 
below the root range and to a better chance for fertilisers. 

I do not dispute the statement that our conditions are not those of Egypt and 
we are growing cotton on less favourable terms, but I do not think that the terms 
through the cotton tract of the Central Provinces and Berars are universally as 
bad as those under study. We have not the Egyptian or irrigated area conditions, 
therefore we are debarred from growing cottons of their quality, but to some extent 
at any rate we counter that by growing a hardier and possibly a less exacting cotton, 
for which even if coarser, there is normally some definite market demand. 

The paper shows {a) that generally through the cotton tract in the absence of 
the formation of nitrates on the scale recorded in Egypt, our cotton is grown on 
less favourable terms, and that yields can only be brought up by the judicious use 
of fertilisers (which makes our cost higher) and (6) that specially in the wetter tracts 
to the East and on possibly the lower lying fields elsewhere, where the natural re- 

{ 233 ) 
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ceipt is augmented by tbe flow from Mgber areas, cotton is being grown under sucb 
obviously defective nitrate conditions as to be unlikely to pay, except under boom 
conditions. I would note that tbe cultivator realises tbis. About half tbe area 
under cotton in the Nagpur District is purely tbe result of a boom and will go back 
to fcibi 01 jtiari with tbe end of tbe boom as it has done so more than once in past 
history. 

There are, however, wide areas on which cotton can be economically grown, 
with normally assured profit, possibly on million acres out of the 5 million to 
which the crop has been pushed by recent prices. 

Groundnut is the most hopeful substitute as a commercial crop to replace cotton. 
It will, however, do best in the conditions where cotton is likely to be remunera- 
tive, i.e., on well drained areas, where the rainfall is not too heavy, though on the 
•experience of the past year it can, provided drainage is fair, stand more rain than 
cotton. 

In the wetter tracts, either climatic or soil, an extension of rabi is possible, but 
over large areas of the cotton tract, the nature of the rains of the past 20 years makes 
the growtli of rabi crops less safe tban kharif. 
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The composition and nutritive values of Indian cultivated fodders have received 
little attention from the skilled investigator in the past and still less attention has 
been given to the grasses of ordinary grazing pastures and the hays produced there- 
from. 

Our knowledge of what constitutes a satisfactory ration for animals whether 
for maintenance or for work or milk production, although still meagre and unsatis- 
factory, has nevertheless made rapid, strides during recent years, and we are now 
compelled to regard a suitable ration, not as so much bulk weight of material to be 
given to an animal, and consisting of so much fat, carbohydrate and protein together 
with a certain amount ot salt ’’ computed on somewhat arbitrary grounds, but 
rather as a finely adjusted mixture both quantitatively and qualitatively of those 
food elements which are known to be necessary for an animal’s well being. Too 
little attention has been given in the past to the qualitative aspect of nutritional 
problems, and while it may be quite possible for an animal to be receiving an ade- 
quate quantity as far as bulk is concerned, and even as far as total calories ” are 
concerned, yet if the quantities and quality of the fats, carbohydrates and proteins 
are not properly balanced, deleterious effects may be the result. Of equal import- 
ance is a knowledge of what mineral elements enter into the composition of the 
ration, for as Orr has pointed out in a Rowett Institute Bulletin The Importance 
of Mineral matter in Nutrition,” a proper admixture of minerals in their correct re- 
lative proportions is of fundamental importance in all dietaries and rations if a 
high level of health is to be maintained, and the absence or deficiency of certain 
mineral ingredients which have hitherto been entirely overlooked, such as manga- 
nese, magnesium, iron, chlorides, etc., may be responsible for rendering an otherwise 
satisfactory ration, quite unsatisfactory. Previously sodium chloride was consi- 
dered to be the one essential ''salt,” and the necessity for some mineral adjunct 


( 2.15 ) 
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rTo" . 

Xle^dS Lmi^te ,.arfti». «o.aly iBt»riere to p,op» 

andutiLtionoftoBewbiak ». preset and^ of to “ 3”; 

re^ tdr^stt oTtrc^r poi». 

“ mST Ofte oTCarld Ori«=. ia a »- 

flectioD of phosphate deflection in the soils of that Province, and consequent phos- 
phate deficfency in the fodders, with the result that bone formation is poor an a 

^ pL^htd mltSlTcrastbbuting the bone of an animal is very largely made up of 
cakL i" 0 thatunlJ adequate supply of both calcium and phosph^- 

^ is movided in the ration, a strong and healthy bone cannot be ^ 

bone matter once formed is by no means a feed, dead and inert " 

a live structure which has a very intimate relationslup with the rest of the organ 
ism • SO much so that when an undue strain is made on the animal, such as in 
heavy milk production or during the feeding of rations 
content, the bone matter comes to the rescue, and itself 

necessary ingredients from its own mass, a proceeding which w y 

result in disastrous consequences if the strain or deficiency is prolonged. _ 

TlrfeedS trials on sLe Punjab hays, some account of which is g-- in to 
paper were the outcome of discussions with the Military authorities m the Punjab 
L the poor condition into which it was noticed, army anima^ls ^nk when brought 
ap from the plains and fed on the hill grasses, a condition which sometimes neces- 
Bitoted sending them down again to the plain for grazing when surprismgly marked 

"^^It not by any means easy to say off hand to what this might have been due, 
or to what particular dietary deficiency it might be attributed It was, therefore, 
decided to investigate the feeding values of some plains and hill hays, lom a c 
plete analytical point of view, and also to carry out digestibility trials using these 
hays as sole ration, in order to determine whether they constituted maintenance 

"^^mh the kind co-operation of Lieutenant-Colonel Marriott of the Army 
Head Quarters {MiHtary Grass Farms), 30 maunds of hay were collected from Jutogh 
in the Simla Hills, from Sialkot and from Julhmdur in the plains and brought to 
Lyallpur, when they were submitted to a thorough chemical analysis and the 
mineral content also systematically determined. 

Feeding trials with cows were also conducted in order to determine how fai these 
grasses differed from one another in actual feeding value from the point of view of 
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a maintenance ration, and in order to determine wliat added concentrates were neces- 
sary to bring them to a maintenance ration for fully grown cows and heifers. 

Chemical analysis op the hays. 

Table I shows the analytical composition of these hays and also of oat hay grown 
at Lyallpur, for the sake of comparison. This latter proved by trial to constitute 
a maintenance ration for both heifers and fully grown cows, but of the three hays 
investigated, only that from Sialkot proved to be a maintenance ration for heifers 
and fully grown dry cows as revealed by the daily nitrogen balance ; this will be dis- 
cussed more fully later. 

Tlie cliemical analysis indicates that the ash content of the feialkot hay was 
considerably greater than that of the others, as was also the protein content. 

The rest of the figures do not show any pronounced differences. 

* Details of the ash analysis. 

The details of the ash analysis of the hays are given in Table II, which shows 
that the Sialkot hay is richest in total ash content. It contains about twice as 
much iron as do the other two, the aluminium and sulphur contents are higher, as 
are also the chlorides, the potassiiun and the sodium. 

It would be rash to draw conclusions from one or two isolated trials, but the 
higher salt content in conjunction with the higher protein content may throw light 
on the greater suitability of the Sialkot hay as a ration, but here again caution must 
be exercised before condemning a hay or a locality, as much depends on the time of 
gathering the hay, and on the season, factors to which reference will be made later. 

Nature op hays used. 

1. Jullmidur hay. This hay was originally collected from several different areas 
in 1925, and stacked, the experimental sample of 30 maunds being collected from 
the stacks in August 1926. 

The grasses constituting the hay appeared to have passed the milk stage before 
stacking, having apparently been cut rather late in the season. 

The composition of the hay was almost entirely Anirofogon Cmtortus (Lin.). 

2. Siallot hay. This consisted mainly of Anjan grass {Pennisetum Cenchroides) 
from the 1925 season and was similarly taken from the stacks in 1926. This hay 
had obviously been cut at an earlier stage, and possessed many more inflores- 
cences, a fact which may help to account for its higher nutritive value.. 

3. Jyiogh. hay. This sample mainly consisted of a mixture of 2 grasses, mz.^ (1) 
Andfoyogon M^onticola Schullet, and (2) RotthoclMa PerfoTata Roxb. and contained 
a considerable amount also of fine spiral spikes derived from the inflorescence of some 
other grasses which caused considerable annoyance to animals when fed and evi- 
dently detracted from the digestibility of the mixture, 
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It is interesting to record here that grass which is cut and stacked at a period 
of growth before the inflorescences have matured lias a greater nutritive value than 
grass cut later, a practical point to be borne in mind in grazing animals and in 
preparing hay. This is also in conformity with the findings of the Cambridge 
School of Agriculture, where recent trials have revealed the fact that the young 
growing shoots of grasses are much richer in all the necessary nutrient ingredients 
and constitute a satisfactory maintenance ration, so that if the grass is continuously 
cut and not left till maturity a much more valuable fodder is obtained. There 
are practical dififxculties in India in the way of continuous cutting, but where grazing 
is possible it is advisable to let animals eat the young grass as it grows, when the 
recurring young shoots supply a continuous and rich fodder. 

Feeding trials. 

The three hays were fed first to three year old heifers, which did not differ by 
m^re than a month or two in age, in consecutive periods as shown in Table III 
with intervening non-experimental periods, in order to determine whether they 
constituted maintenance rations. Two heifers whose weight and growth curves 
are shown in Fig. I. were taken for each feed. 


E-xperimentAl 
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Thi, cmvo Wicato tiat those he2e« ied on the hill hay (Jntogh) lost 
wfiirht wMle the others mamtained theirs much better. 

lach animal was separately weighed each morning between 8 and 9 a.m. and aken 
out fofe“e for about 2 miles. On returning they were fed them mor^g 
ration with a salt lick, water being always available in a separate receptacle, Th 
eveninc^ ration was fed between 4 and 5 p.m. In each case the hay was carefully 
SZed up and the residues collected the following morning. The urines and 
dungs were Elected in the apparatus described by one of us (Lan er) m Volume 
YYT Part V, September 1926 of the AgnmUiiral Jounial of India. 

In order to obviate errors in daily weighings and analysis bags containmg the 

daily feed for each animal were prepared and labelled for the daily ration at the 

conmencement of the experiment. The daily residues from each animal were 
Zm separately in labelled bags, and weighed at the end of the expermiental 

^“Sble III shows the complete data obtained from the pair ~of heifers on the 

**Tria:Stion of this Table, taken in conjunction with the table of analysis, 
reveals the following important facts . 

(1) The Sialkot hay is richer in ash and protein than the other two .and gives 

a positive daily nitrogen balance as against a negative one for the 

others. , , - x • j.i 

(2) The digestibility coefficient of the ration as a whole is greater in the 

Sialkot hay than in the others, and the digestibility coefficients of 
the protein of the Sialkot hay is almost double that of the others. 

(3) The starch equivalent of the Sialkot hay as compared with the others 

is in the ratio of 3 : 2. , , , t x i 

(4) The protein fed per day, the protein per 100 lb. of feed, and that digested, 

is much higher in the Sialkot hay, _ 

(5) The albuminoid ratio of the Siallcot hay is narrower than that of the 

other in the proportion of roughly 1 : 2. 

This experiment revealed the satisfactory nature of the Sialkot hay as a main- 
tenance ration for growing heifers, and the deficiencies of the Jullundur and Jutogh 
hays. It was then thought advisable to see whether the different hays would 
prove to be maintenance rations for fully grown dry cows and in the event of their 
not being so to bring them up to maintenance standard by adding bran to the 

daily feed. 


Maintenance trials with Jutogh and Jullundur hay on fully grown cows. 

1. Jutogh hay. Two fully grown cows Shila and Lila seven years old, and 
weighing respectively 678 Rnd 770 lb. were taken and fed on Jutogh hay alone for 
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ten days from 19tli to 28tli Febraary, 1927, when it was found that the daily loss 
in nitrogen was 4*65 gim, and 5*91 grm. respectively, indicating that the hay did 
not constitute a maintenance ration. Wheat bran was now added to the feed in 
order to bring it up to maintenance standard. 

From previous experiments the digestibility coej0Scient of wheat bran had been 
determined to be 23*16 using oat hay as a basal ration. 

The digestible protein in bran had been found to be 9*83 lb. per 100 lb. of bran 


Jutogh hay and oat hay are roughages of similar type, although the analytical 
figures obtained in 1926 were slightly in favour of the oat hay. Assuming then 
that the efficiency of wheat bran fed with Jutogh hay to be same as when fed with 
oat hay, 1 lb. bran should add 7*13 grm. digestible nitrogen per day which would 
well cover the nitrogen deficient in the Jutogh hay. 

Calculating oh this basis, 0*65 lb. and 0*83 lb. bran when added to the Jutogh hay 
in the feeds for Shila and Lila respectively should be expected to bring the 
dietaries up to the maintenance level. 

In order, however, to arrive at practical figures with a sufficient margin for in- 
dividual error, the quantities of bran added to the Jutogh hay was 2*0 and 1 lb. 
respectively for the 2 cows, Shila and Lila. Thus Shila was getting more than the 
theoretical quantity and her diet should be well over a maintenance ration, while 
that of Lila would be nearer the margin between positive and negative. The animals 
were put on the experimental diet for 10 days before the actual experimentah data 
were collected, the experimental period lasting 6 days onty owing’ to the supply of 
hay running short. 

The figures for the average daily nitrogen balance for the two cows worked out 
at +6*17 and —0*59 grm. nitrogen respectively. 

In the case of Shila we thus find that when losing 4*65 grm. nitrogen per day on 
a Jutogh hay ration, the addition of 2 lb. bran per day converts this loss into a gain 
of 8*17 grm, nitrogen per day. Two lb. bran therefore represent a daily nitrogen 
retention of 4*66 plm 6*17 or 10*82 gr.r. nitrogen or 6*41 grm. per lb. of bran fed. 

In the case of Lila who was losing 5*91 grm. nitrogen per day, the addition of 1 lb. 
bran per day does not quite suffice to bring the ration upto maintenance standard 
and she continues to lose 0*59 grni. nitrogen per day. 

In this case, therefore, the addition of 1 lb. bran per day to the ration efiects 
a nitrogen retention of 5*32 grm per day, which compares well with the figure 
5*41 obtained for Shila. 

From these two trials it may therefore be assumed that 1 lb. bran can repair a 
nitrogen deficiency to the extent of 5*4 grm. per day when Jutogh hay is fed ad UL 
The daily average consumption of hay for the two cows Lila and vShila during the 
experimental period was 6*6 and 8*1 lb. respectively. 

From these figures it is possible to calculate on a theoretical basis the exact 
quantities of bran that should be added to Jutogh hay in orde r to bring the cows 
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of bran. „ , ^gq ,]l respectively, so that a dry cow 

weighing from 600-800 lb. will nee_ \ ^ Tire composition of the 

to Jntogh hay of the composition shown 4^4, i/Table IV. 

rations are shown m Table ^ “1 obtahTsimilar data from Jullundnr hay, the same 
2. Jullmdur My. In order to obtain the 18th April 

two animals were fed Jullundur hay “ collected for one week, the same ra- 

1927, after which the Tt 

wiile Lila weighing 765 lb. wa. dTys'aa a non-experi- 

Both com were now put on Wtodm '“S', 

1 fit: 

would fuinisk 6-66 grams of ^ the ration of Jul- 

l„nd“fcrp— own.f.d-.d.*.o»^ 

in order to obtain a maintenance ration. 

Summary. 

1 Jutogh and JuBundoi hays of the composition shown ate not maintenance 

"rwir s~ c:rof" 

1 to 1Mb of idded bran per diem in order to e««,t a maintenance ration, whereas 

i^tllt^ihot hay on the on. hand, and the 

T 11 ’ rlnr and Jntogh hays on the other, is apparently due to the former having 
Jnllnndnr and J g y Considerable loss in nutritive value is 

^:^^l.^owing^gr Jto grow beyond the em-ly seed stage, or even as far as 

filtures for the digestibaiV coefficients for growing heifers and full 
very cl.4 indicating that a. f» as one can judge the digest- 

fc rfW h. both the Jullundur and 

Jntogh hays are low for tfee fully grown cows. 
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6* In determining sncli data as tie above for added concentrates to different 
basal rations, some account must be taken for slight differences in composition of 
the basal ration. For example, in tie case of Jutogi iay as basal ration, 1 lb. bran 
gives an added daily nitrogen retention of 5*37 grm., whereas using Jullundur iay 
as basal ration 3 lb. bran gives 5*66 grm, added nitrogen per day. 


Chemical composition, 


Xitrogen 

li’ibrc l^rotein free 
extract 


Moisture Dry matter! Asii 


Jullumiur hay 
Jutogii hay. 
Sialkot hay 
Oats huy . 
Bran . 


On WO grams dry fodder. 


S0« MnB 04 Chlorides KjO 


Locality 


:1C -4173 -7957 -3539 *0775 -1613 *1091 *0104 


Jutogh 

Sialkot 


Jullundur 


4-507 -4138 *5651 *2199 *0591 -1174 -1011 OISJ 
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Table IV. 


Shomug details of daily nitrogen balance in grams. 


Total 

out]nit 


Concc«ti3-a- 

tes 


Urine 


JiiUundur hay 


Ditto 


Sialkot hay 
Ditto 


Ditto 


Jutogli hay & bran 
Ditto 

Jullimdur iiay 


Jullimdnr hay & bran 


MGIPC— 3!— 4 


1917 


13-50 

18-69 


14-70 

29-52 


14-62 

30-47 


15-06 

14-78 


10-98 

14-50 


11-66 

16-25 

.. 

13-50 

21-33 


17-11 

16-76 

0-25 

15*76 

20-57 

18-50 

19-81 

16-04 


13-17 

19-81 


14-97 

19*33 

18-5 

22-40 











THE DETERMINATION OF THE ELECTRICAL CONDUCTIVITY 
OF THE AQUEOUS EXTRACT OF SOIL AS A RAPID 
MEANS OF DETECTING ITS PROBABLE FERTILITY, 

BY 

ASHUTOSH SEN. 

(Keceived for publication on ISth November 1927.) 

Tlie electrical conductivity of aqueous extract of soils has been measured by 
many workers for various purposes but, with the exception of Joseph^ and 
Atkins,^ none has tried so far to correlate it with soil fertility. The ‘former ob- 
serves that, for samples from good and bad yielding plots of the Blue Nile soils 
taken from the same area and in the same season, there is a correlation between 
high electrical conductivity of the aqueous extract and low yield. Atkins, 
however, has attacked the problem from the biological point of view and heap- 
pears to have succeeded in showing that a measurement of the rate of change of 
the electrical conductivity of the aqueous extract as the extraction proceeds may 
be used to indicate soil fertility. His method was to place 10 grm. of air-dry soil 
in a bottle and add to it 50 c.c. of conductivity water, the mixture being shaken 
at intervals of 3 to 4 hours. After a certain period he centrifuged about 10 c.c. of 
the mixture and determined its electrical conductivity at 0°C. This determination 
he continued until such time when there was no further change in the values. His 
general conclusion was that although a high electrical conductivity in the extract 
may only indicate the presence of an excess of salts, a rapid increase in conduct- 
ivity as extraction is prolonged indicates increased solubility, partly through bac- 
terial action and may, therefore, be considered as a useful indication of fertility. 

A low conductivity, which remains low on continued extraction, denotes a soil of 
low fertility. 

This suggestion of Atkins% provided it proved to be of general applicability, 
would furnish an extremely simple and easy means of measuring soil fertility. In 
order to test it thoroughly a number of soil types were obtained from different 
parts of India of which the relative cropping value was Imown, to determine, if 
possible, their relationship to measurements of the change in the electrical conducti- 
vity of their aqueous extracts as the extractions were prolonged. Each sample 
represented the top six inches of the soil, and after air drying was passed through 
a sieve of 80 meshes to the inch; particular care was taken to remove pieces of straw 

1 Eeports of the Sudan Government Qhemist far the years 1921, 1922, 1923, etc, 

2 Vcb 14, p. 198, April 1924. 

( 247 ) 
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OT other undeconiposcd plant residues. One part of this dry soil was then mixed 
with five parts by weight of conductivity water in a resistance glass tube closed at 
one end. The open end was then closed by means of a paraffined cork carrying a 
dip-electrode which dipped into the soil extraot, and the whole sealed with paraffin 
in order to cut off all connection with the outside atmosphere. The cell constant 
had been determined by means of ^ KOI solution previously. The apparatus was 
then placed in a thermostat maintained at this being found to be the most 

convenient working temperature and the conductivity of the extract determined 
at different intervals of time using a metre-bridge and standard resistances. Be- 
fore each measurement was taken with the exception of a few in Table II, the mixture 
of soil and water was shaken and then allowed to stand for two hours. It is to be 
noted that this shaking before each determination is necessary as otherwise mis- 
leading results might be obtained (as shown in Table II), and that, except in rare 
eases such as in heavy alkaline soils (Table I, Series VIB, Sample No. N Plot outside 
the Sukkur farm), the conductivity of the mixture of soil and water after standing 
for two hours compares closely with that of the clear extract obtained by centrifug- 
ing, The error thus introduced is negligible and does not interfere with the general 
conclusions. 

Experimental Eesults. 

In Table I, each of the Series I to V contains two samples of soil, one from a good 
field and the other from a neighbouring bad, almost barren field. Series VI (a) 
contains three samples of soil from fertile land, while Series VI (b) contains three 
samples from adjacent barren patches. The sixth column from left gives the con- 
ductivities of the extracts at 30^0, multiplied by 10^ at the intervals of time, de- 
noted in days by the figures in the brackets. Conductivity values not followed by 
any such figure in brackets were measured about three hours after the addition of 
water to dry soil. 
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±m necessity tor siaking the mixture of soil and water prior to a : 
already mentioned is illustrated in Table II. Up to the ninth day i 
were left undisturbed audit will be noted that the values of the 
remined sensibly constant for both soils over the period. In the rer 
determinations the mixtures were shaken and then allowed to stand 1 
before the conductivities were measured. There was an appreciable ri< 
activity of the fertile soil but not in the unfertile soil. It is fair to assui 
lad been carried out before the earlier determinations, the apprech 
n conductivity shown for the fertile soil in the top line of Table II wou 
ecured at a correspondingly earlier period. 


Cinchona Cultivation, 

Samples in this table were collected from another p 
tion mentioned under Series I in Table I, were young c 
die away in some plots and thrive in others. 


Table II, 


Acid soil — Burma. 


Soil 

sample. 


Conductivity x 10» at different intervals 


173(21)1 CoUeeted from unmanured field 
where cinohona plants grew 


60(9), 62(21), Collected from unmanured field 
where cinohona plants died. 


results m Table III are for two soils very similar to 
superphosphate while the other does not. 


each other except that one 
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Table III 

Acid, soil — Tokhi, Assam, 


Bliorbhetta — Kharikatia Plots, 


Soil 

Ph 

Manuring 

Conductivity x 10® 

Total crop (Tea 
leaf) in lb. per 
acre. 

Content 

EHATE 

or PHOS- 

AS PaO.. 

series 

a,t different intervals 

Total 
per cent. 

Available 
per cent. 

9 

4*2 

mi 

71, 73(2), 79(7), 80(11) 

in 1922 in 1923 
.. 1,567 L839, 

*0352 

•0023 

12 

4*25 

Superphosphate . 

64, 69(2), 75(7), 77(11) 

' 

1,735 2,079 

•0414 

•0051 


In Table IV, each series contains samples from two adjacent plots one of wliich. 
yields more crop than the other. The seventh column from the left shows the appro- 
ximate total increase in conductivity ; the next column gives the average daily 
rate of increase for the whole period under examination. 
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Discussion OF Eesijlts. 

In each of the Series in Tables I and 11, a very marked difference in the increase 
of electrical conductivity for soils of different cropping value can be noticed. For 
good soils in the majority of cases the conductivity rapidly increased to almost 
double the initial value in a week’s time. On the other hand, the conductivity 
of the barren soils changed very little and in some cases remained remarkably con- 
■stant.- 

Series I in Table I offers a typical interesting case. The chemical analyses of 
the two soils, and also their values, are given below : — 



Soil Sample I (Ph 4*84) 

Soil Sample II (Ph 4*75) 

Total 

Available 

Total 

Available 






percent. 

percent. 

per cent. 

per cent. 

^ • . . 


. 



0*0545 

0*0037 

0*0553 

0*00256 

K,0 . . 

• 

. 


. 

1-02 

0*0003 

0*8042 

0*0146 

N (organic) . 

• 

• 

• 

* 

0*176 

.. 

0*146 


Lime (as CaO) 


• 

• 

• 

0*058 


0*078 



All the percentages above are calculated on the dry weight of the soil. 

It is apparent that from a chemical analysis of the two soils it is not possible to 
account for the wholesale death of cinchona plants in Soil JSTo. II, and their thriving 
in Soil No. I. On the other hand, the rapid increase in the conductivity figures as 
the extraction is prolonged in the case of Soil No. I would seem to indicate the pre- 
sence of a considerable proportion of available plant food and that the general con- 
ditions are more favourable for plant life. Conversely, the low conductivity figure 
for the bad plot, which remains remarkably constant on continued extraction, 
indicates, in Atkins’ words, a soil so insoluble as to render it unfertile.” 

The remaining series in Table I more or less confirm this view ; in some cases, 
however, such as the barren patches of Pusa and Sukkur Farm, high initial conducti- 
vity figures are obtained, indicating the presence of excess of salts and probably 
usar formation. But it is interesting to note, the conductivity values show that 
biological activities are considerably checked in such patches. 

In the case of the soil outside the Sukkur Farm, {Series VI(&) N, Table I), the fall 
in the conductivity value instead of an increase may be attributed to settling of 
colloid particles, a considerable amount of which can reasonabiy be expected to exist 
in such a heavy alkaline soil. It is also possible that the shaking usually 
employed before each determination was not sufficient to spread them uniformly 
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throughout the extract. In such cases extracts should be centrifuged every 
fiimfl before each determination is made, but such soils are rare and one does 
not require a scientific test when a glance at the fields will reveal the cause of their 
infertility. 

In Table III, samples from two adjacent plots, both growing tea plants, were 
taken, the one under Series 9 being unmanured, while the other under Series 12 
was manured with Superphosphate. From an examination of the conductivity 
data of both the soils, a great difference between the yield of the two plots could 
not be expected. The figures for the yield for two consecutive years support the 
view and indicate that in these soils heavy application of phosphates will not corre- 
spondingly increase the yield. 

In almost all the Series in Table IV, each of which contains two soils of somewhat 
different cropping value, the rate of increase in the electrical conductivity of aqueous 
extract of the good soil is greater than the corresponding rate of the inferior soil. 
It appears, therefore, that, with very few exceptions which can easily be explained, 
the conductivity determinations succeed in differentiating between soils of different 
fertility provided that the samples in any one series are taken from the same soil 
type. A direct comparison of the fertility of soils from widely differing formations 
would not of course be made on the basis of conductivity determinations alone, 
for obvious reasons ; but within any given area, local variations appear to be faith- 
fully reflected in corresponding changes in the conductivity data. 

This result is particularly interesting as the experimental conditions of the con- 
ductivity measurements are analogous to the water-logged state in the actual field. 
However, it is well known that aerobic activities do proceed in such circumstances 
owing to the dissolved oxygen in the water, and the experimental results in this 
paper show that even in such conditions, oxidations and decomposition are quicker 
and greater in the more fertile soils. 

Summary and Conclusion. 

(1) A method is described for determining the changes in the electrical conduc- 
tivity of soil extract as the extraction proceeds. 

(2) The conclusions arrived at by Atkins are confirmed. 

(3) The method is capable of accounting for failure to grow crops where a chemical 
analysis yields no indication. 

(4) The method may also be suitably employed for an easy detection of compa- 
rative fertility of fields situated in the same locality. 

The above work was carried out during the tenure of a Post-Graduate studontsMp at the Agri- 
cultural Research Institute at Pusa, and the author takes tins opportunity of recorcling his indebted- 
ness to the Pusa authorities for rendering ail possible facilities, also to Dr, W, H. Haerison, the Im- 
perial Agricultural Chemist, Pusa, and to Dr. B. A. Kebuf at the Bothamstod Experimental Station, 
England, for criticism and helpful suggestions while writing the paper. Thanks arc also due to the 
Mirostry of Agriculture, Bengal, for the grant of a Research scholarship during the tenure of the 
studentship* , 


